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$3$&LWDWLRQ*DQQRQ7$2OYHU0(0DOOLRQ-6	-DPHV0'RHVVSHFLDOL]HG
SV\FKRORJLFDOWUHDWPHQWIRURIIHQGLQJUHGXFHUHFLGLYLVP"$PHWDDQDO\VLVH[DPLQLQJVWDIIDQG
SURJUDPYDULDEOHVDVSUHGLFWRUVRIWUHDWPHQWHIIHFWLYHQHVV 0DQXVFULSWVXEPLWWHGIRUSXEOLFDWLRQ
'RHV6SHFLDOL]HG 3V\FKRORJLFDO7UHDWPHQWIRU 2IIHQGLQJ5HGXFH5HFLGLYLVP"$0HWD$QDO\VLV
([DPLQLQJ 6WDIIDQG 3URJUDP9DULDEOHV DV 3UHGLFWRUV RI7UHDWPHQW(IIHFWLYHQHVV
7KHUHVD$*DQQRQ7$*DQQRQ#.HQWDFXN0DUN(2OYHU-DLPHH60DOOLRQ0DUN
-DPHV
6FKRRORI3V\FKRORJ\8QLYHUVLW\RI.HQW8.
'HSDUWPHQWRI3V\FKRORJ\8QLYHUVLW\RI6DVNDWFKHZDQ&DQDGD
6FKRRORI3V\FKRORJ\8QLYHUVLW\RI.HQW8.
&RUUHVSRQGLQJDXWKRUDW&HQWUHRI5HVHDUFKDQG(GXFDWLRQLQ)RUHQVLF3V\FKRORJ\6FKRRORI
3V\FKRORJ\8QLYHUVLW\RI.HQW&DQWHUEXU\.HQW&713(QJODQG
$XWKRU1RWH
7KHUHVD$*DQQRQ-DLPHH60DOOLRQ0DUN-DPHV&HQWUHRI5HVHDUFKDQG(GXFDWLRQLQ
)RUHQVLF3V\FKRORJ\6FKRRORI3V\FKRORJ\ 8QLYHUVLW\RI.HQW &DQWHUEXU\.HQW(QJODQG
0DUN(2OYHU'HSDUWPHQWRI3V\FKRORJ\8QLYHUVLW\RI6DVNDWFKHZDQ&DQDGD
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$EVWUDFW
$PHWDDQDO\VLVZDVFRQGXFWHGWRH[DPLQH ZKHWKHUVSHFLDOL]HG SV\FKRORJLFDORIIHQVH
WUHDWPHQWV ZHUHDVVRFLDWHGZLWKUHGXFWLRQVLQRIIHQVHVSHFLILFDQGQRQRIIHQVHVSHFLILF
UHFLGLYLVP6WDII DQGWUHDWPHQWSURJUDPPRGHUDWRUVZHUHDOVRH[SORUHG7KHUHYLHZ
H[DPLQHG VWXGLHVDQG LQGLYLGXDOVZKRKDGRIIHQGHG7KUHHVSHFLDOL]HG WUHDWPHQWV
ZHUHH[DPLQHGVH[XDORIIHQVHGRPHVWLFYLROHQFHDQGJHQHUDOYLROHQFHSURJUDPV$FURVVDOO
SURJUDPV RIIHQVH VSHFLILFUHFLGLYLVPZDV IRUWUHDWHGLQGLYLGXDOVDQG IRU
XQWUHDWHGFRPSDULVRQVRYHUDQDYHUDJHIROORZXSRI PRQWKV5HODWLYHUHGXFWLRQVLQ
RIIHQVHVSHFLILFUHFLGLYLVPZHUHIRUVH[XDORIIHQVHSURJUDPVIRUGRPHVWLF
YLROHQFHSURJUDPVDQGIRUJHQHUDOYLROHQFHSURJUDPV$OOSURJUDPVZHUHDOVR
DVVRFLDWHGZLWKVLJQLILFDQWUHGXFWLRQVLQQRQRIIHQVHVSHFLILFUHFLGLYLVP2YHUDOO WUHDWPHQW
HIIHFWLYHQHVVDSSHDUHGLPSURYHGZKHQSURJUDPV UHFHLYHGFRQVLVWHQWKDQGVRQLQSXWIURPD
TXDOLILHGUHJLVWHUHG SV\FKRORJLVW DQGIDFLOLWDWLQJVWDIIZHUHSURYLGHGZLWKFOLQLFDO
VXSHUYLVLRQ1XPHURXV SURJUDPYDULDEOHV DSSHDUHGLPSRUWDQWIRURSWLPL]LQJWKH
HIIHFWLYHQHVVRIVSHFLDOL]HG SV\FKRORJLFDORIIHQVHSURJUDPVHJDURXVDOUHFRQGLWLRQLQJIRU
VH[XDORIIHQVHSURJUDPVWUHDWPHQWDSSURDFKIRUGRPHVWLFYLROHQFHSURJUDPV7KHILQGLQJV
VKRZWKDWVXFKWUHDWPHQWVDUH DVVRFLDWHGZLWKUREXVWUHGXFWLRQVLQRIIHQVHVSHFLILFDQGQRQ
RIIHQVHVSHFLILFUHFLGLYLVP:HXUJHWUHDWPHQWSURYLGHUVWR SD\SDUWLFXODUDWWHQWLRQWR
VWDIILQJDQGSURJUDPLPSOHPHQWDWLRQYDULDEOHV IRURSWLPDOUHFLGLYLVPUHGXFWLRQV
.H\ZRUGV2IIHQVH 7UHDWPHQW0HWD$QDO\VLV6H[XDO2IIHQGLQJ'RPHVWLF9LROHQFH
*HQHUDO9LROHQFH
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7KHRYHUDUFKLQJDLPRIRIIHQVHVSHFLILF LHVSHFLDOL]HGSV\FKRORJLFDOWUHDWPHQWV
IRULQGLYLGXDOVZKRKDYHRIIHQGHG LVWR UHGXFHUHFLGLYLVP.QRZLQJZKHWKHU VXFK WUHDWPHQWV
UHVXOWLQPHDQLQJIXOUHFLGLYLVP UHGXFWLRQ LVFUXFLDOIRULQIRUPLQJIXWXUHUHKDELOLWDWLYHSROLF\
6H[XDORIIHQVHDQGGRPHVWLFYLROHQFHSURJUDPVFRPSULVHWKHOLRQ¶VVKDUHRIVSHFLDOL]HG
SV\FKRORJLFDOSURJUDPVRIIHUHGLQFRUUHFWLRQDODQGFRPPXQLW\VHWWLQJV DOWKRXJKVRPH
SURJUDPVKDYHHPHUJHGWDUJHWLQJJHQHUDOQRQIDPLOLDOYLROHQFH&RUWRQL1XQHV	
/DWHQGUHVVH3RODVFKHN7RGDWHPHWDDQDO\VHVDQGUHYLHZVKDYHEHHQ
FRQGXFWHGVHSDUDWHO\WRH[DPLQHVH[XDORIIHQVH DQGGRPHVWLFYLROHQFHSURJUDPV(YDOXDWLRQV
RI JHQHUDOYLROHQFHSURJUDPVKDYHWHQGHGWRHLWKHUJURXSWKHVHLQZLWKVH[XDODQGGRPHVWLF
YLROHQFHSURJUDPV'RZGHQ	$QGUHZVRUIRFXV EURDGO\RQYLROHQWRIIHQGHUVEXWQRW
YLROHQFHVSHFLILFSURJUDPVSHUVH-ROOLIIH	)DUULQJWRQ$VVXFKQRUHYLHZKDV\HW
V\QWKHVL]HGDOOVSHFLDOL]HG WUHDWPHQWV DFURVVWKHVHWKUHHYLROHQWRIIHQGLQJJURXSV
6H[XDO2IIHQGLQJ
0HWDDQDO\VHVH[DPLQLQJVH[XDORIIHQVHSURJUDPV DSSHDUWRLQGLFDWH VRPHOHYHORI
WUHDWPHQWHIIHFWLYHQHVV $OH[DQGHU*DOODJKHU:LOVRQ+LUVFKILHOG&RJJHVKDOO	
0DF.HQ]LH+DOO+DQVRQHWDO/|VHO 	6FKPXFNHU6FKPXFNHU	
/|VHO7KHWKUHHPRVWFRPSUHKHQVLYHPHWDDQDO\VHVWRGDWHDUH WKHEHVW LOOXVWUDWLRQV
+DQVRQHWDO  H[DPLQHGHYDOXDWLRQVRIVSHFLDOL]HG DQGQRQVSHFLDOL]HG
SV\FKRORJLFDOWUHDWPHQWIRUDGXOWVDQGDGROHVFHQWV ZKRKDG VH[XDOO\RIIHQGHG 1 
DQGIRXQG VLJQLILFDQW XQZHLJKWHGDYHUDJH UHGXFWLRQVIRUVH[XDOUHFLGLYLVPWUHDWHGYV
XQWUHDWHG DQGDQ\JHQHUDOUHFLGLYLVPWUHDWHGYVXQWUHDWHG$OWKRXJK
IHZSURJUDP YDULDEOHVZHUHH[DPLQHG +DQVRQHWDOIRXQGWKDWVSHFLDOL]HG WUHDWPHQWV
SURGXFHGWKHEHVWHIIHFWV6LJQLILFDQWWUHDWPHQWHIIHFWVZHUHFRPSDUDEOHDFURVV LQVWLWXWLRQV
DQGFRPPXQLW\VHWWLQJV
 7KHVHDUHQRQRIIHQVHVSHFLILFSV\FKRORJLFDOWUHDWPHQWVVXFKDVFRJQLWLYHVNLOOVSURJUDPV
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/|VHO DQG6FKPXFNHU H[DPLQHGWUHDWPHQW HYDOXDWLRQVIRULQGLYLGXDOVZKR
KDG VH[XDOO\RIIHQGHG 1  ²LQFRUSRUDWLQJ ELRORJLFDOHJFDVWUDWLRQDQG
SV\FKRORJLFDOWUHDWPHQWV DVZHOODVDGXOWDQGDGROHVFHQW FOLHQWV²DQGIRXQGVLJQLILFDQWQ
ZHLJKWHGUHODWLYHUHGXFWLRQV IRU VH[XDO  WUHDWHG YV XQWUHDWHGYLROHQW 
WUHDWHGYV XQWUHDWHGDQGDQ\JHQHUDOUHFLGLYLVP WUHDWHGYV XQWUHDWHG
%LRORJLFDOWUHDWPHQWVYVSV\FKRORJLFDOSURGXFHGWKHVWURQJHVWWUHDWPHQWHIIHFWVDVGLG
WUHDWPHQWVVSHFLILFDOO\WDUJHWLQJVH[XDORIIHQVHV2IWKHSV\FKRORJLFDOWUHDWPHQWVRQO\&%7
DQGEHKDYLRUDODSSURDFKHVZHUHHIIHFWLYH4XDOLW\RIHYDOXDWLRQGHVLJQGLGQRWPRGHUDWH WKH
UHVXOWVDOWKRXJKVWXGLHVZLWKVPDOOHUVDPSOHVSURGXFHGVWURQJHURYHUDOOHIIHFWV6FKPXFNHU
DQG/|VHOODWHUXSGDWHGWKLVPHWDDQDO\VLVUHVWULFWLQJWKH LQFOXVLRQFULWHULDWRRQO\WKH
KLJKHVWTXDOLW\UHVHDUFKGHVLJQV LHVWXGLHVRIDWOHDVWTXDVLH[SHULPHQWDOGHVLJQZLWK
EHWZHHQJURXSHTXDOLW\VWXGLHV1 7KLVWLPHELRORJLFDOWUHDWPHQWVGLGQRW
PHHWLQFOXVLRQFULWHULD DQG QZHLJKWHG WUHDWPHQWHIIHFWV IRUUHFLGLYLVPDOWKRXJKVLJQLILFDQW
ZHUH QRWDEO\VPDOOHUVH[XDOUHFLGLYLVPWUHDWHGYVXQWUHDWHGJHQHUDO
UHFLGLYLVP  WUHDWHGYVXQWUHDWHG,QDGGLWLRQRQO\FRPPXQLW\SURJUDPVEXW
QRWSULVRQSURJUDPVVLJQLILFDQWO\UHGXFHGVH[XDOUHFLGLYLVP6SHFLDOL]HG SV\FKRORJLFDO
WUHDWPHQWWDUJHWLQJVH[XDORIIHQVHVDQGWUHDWPHQWIRUDGROHVFHQWVDOVRSURGXFHGVWURQJHU
HIIHFWV DVGLGWUHDWPHQWWKDW ZDVLQGLYLGXDOL]HGUDWKHUWKDQ SXUHO\JURXSEDVHG6FKPXFNHU
DQG/|VHO¶V VWXG\UHSUHVHQWVWKHODWHVWDXWKRULWDWLYH PHWDDQDO\VLV RQ SV\FKRORJLFDOWUHDWPHQW
IRULQGLYLGXDOVZKRKDYHVH[XDOO\RIIHQGHG
2QHODUJHVFDOHVLQJOHVWXG\HYDOXDWLRQ1 SXEOLVKHG E\ 0HZV'L%HOOD
DQG3XUYHU IRUWKH8.0LQLVWU\RI-XVWLFHH[DPLQHGWKH³&RUH´ VH[XDORIIHQVH
WUHDWPHQWSURJUDP GHOLYHUHGWRPHQDFURVVSULVRQV LQ(QJODQGDQG:DOHV IURPWR
0HZVHWDOSURSHQVLW\PDWFKHGYDULDEOHVWRSURPRWH HTXLYDOHQFHEHWZHHQWKH
WUHDWHG1  DQGXQWUHDWHGJURXSV1   DQGIRXQGWKDWVH[XDOUHFLGLYLVPIRU
$&&(37('0$186&5,37
$&
&(
37
('
0
$1
86
&5
,3
7
WUHDWHGLQGLYLGXDOVLQFUHDVHG E\DQDEVROXWHYDOXHRIDQGDUHODWLYHYDOXHRI
WUHDWHG YV XQWUHDWHG RYHUDPHDQ \HDUIROORZXS7KHVKHHUVFDOHDQGDSSDUHQWULJRU
RIWKLVLQGLYLGXDOVWXG\KDVFDVWVLJQLILFDQWLQWHUQDWLRQDOGRXEWRQZKHWKHULQGLYLGXDOV ZKR
KDYHVH[XDOO\RIIHQGHGFDQEHUHKDELOLWDWHGXVLQJVSHFLDOL]HG SV\FKRORJLFDOSURJUDPVVHH
)RUGH 7KLVLV GHVSLWHWKHIDFWWKDW0HZVHWDO¶V ILQGLQJVKDYHQRW\HWEHHQ
LQFRUSRUDWHGLQWR DPHWDDQDO\VLV
'RPHVWLF9LROHQFH
6HYHUDOUHYLHZVDQGPHWDDQDO\VHVKDYHEHHQSXEOLVKHG WKDWIRFXVRQWUHDWPHQWIRU
GRPHVWLFYLROHQFHHDFKJHQHUDWLQJODUJHO\HTXLYRFDOILQGLQJV%DEFRFN *UHHQ	5RELH
'DYLV	7D\ORU(FNKDUGWHWDO)HGHU	:LOVRQ6DUWLQ+DQVHQ	
+XVV6PHGVOXQG'DOVE¡6WHLUR:LQVYROG	&OHQFK$DV,QWKHILUVWPHWD
DQDO\VLV%DEFRFNHWDOUHSRUWHGD³VPDOO´WUHDWPHQWHIIHFW G  IRUVWXGLHVXVLQJ
SROLFHUHSRUWVDVWKHUHFLGLYLVPRXWFRPH+RZHYHUWKH\ GLGQRWSXEOLVKFRPSDUDWLYH
ZHLJKWHGRUXQZHLJKWHGUHRIIHQGLQJUDWHV DQGWKHLUVWXG\ZDVQRWOLPLWHGWRVSHFLDOL]HG
SV\FKRORJLFDOWUHDWPHQW$OLPLWHGQXPEHURIPRGHUDWRUVZHUHH[DPLQHGVKRZLQJWKDW
DOWKRXJKUHVXOWVGLGQRWYDU\DFFRUGLQJWRWUHDWPHQWDSSURDFKLH'XOXWKYV&%7
H[SHULPHQWDOGHVLJQV ZHUHDVVRFLDWHGZLWKDVOLJKW UHGXFWLRQLQ WUHDWPHQWHIIHFWV7KLVPHWD
DQDO\VLVZDVUHODWLYHO\ODUJHN  EXWPDQ\FRPSDULVRQJURXSVLQFOXGHGWUHDWPHQW
GURSRXWV ZKRKROGXQLTXHULVNFKDUDFWHULVWLFVWKDWLPSDFWUHFLGLYLVP +DQVRQHWDO
2OYHU6WRFNGDOH	:RUPLWK7ZRODWHUSXEOLVKHGPHWDDQDO\VHVKDYHEHHQXQDEOHWR
HVWDEOLVKWUHDWPHQWHIIHFWLYHQHVVIRUVSHFLDOL]HGGRPHVWLFYLROHQFHSURJUDPV)HGHU	
:LOVRQ6PHGVOXQGHWDO)HGHUDQG:LOVRQ OLPLWHGWKHLUPHWDDQDO\VLV
WRFRXUWPDQGDWHGWUHDWPHQWSURJUDPVLQ1RUWK$PHULFDN  DQGIRXQGDVLJQLILFDQW
UHGXFWLRQLQGRPHVWLFYLROHQFHUHFLGLYLVPIRUVWXGLHVXVLQJVRPHW\SHRIUDQGRPL]DWLRQ EXW
QRHIIHFWVIRUWKRVHFRQGXFWHGZLWKRXWUDQGRPL]DWLRQ6PHGVOXQGHWDOIRFXVHGWKHLU
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PHWDDQDO\VLVVROHO\RQWUHDWPHQWV XVLQJ&%7HOHPHQWVDQGUDQGRPL]HGFRQWUROOHGGHVLJQV
,QWKLVVPDOOPHWDDQDO\VLVRI1RUWK$PHULFDQVWXGLHVN 6PHGVOXQGHWDOFRQFOXGHG
WKDW ILQGLQJV ZHUH ³LQFRQVLVWHQWDQGKHWHURJHQHRXV´S  *LYHQWKHGLIILFXOW\UHVHDUFKHUV
KDYHKDGH[DPLQLQJ GRPHVWLFYLROHQFHSURJUDPHIIHFWLYHQHVVLWLV XQVXUSULVLQJWKDWSRWHQWLDO
SURJUDPDQGVWDIILQJPRGHUDWRUV KDYHQRW\HWUHFHLYHGDWWHQWLRQ )XUWKHUQRPHWDDQDO\VLV
KDVH[DPLQHG KRZVSHFLDOL]HG GRPHVWLFYLROHQFH SURJUDPV PLJKWLPSDFWUHFLGLYLVP PRUH
JHQHUDOO\
6WDIIDQG3URJUDP9DULDEOHV
5HVHDUFKHUVKDYHW\SLFDOO\IRFXVHGRQUHVHDUFKGHVLJQ DVDNH\IDFWRUKLQGHULQJ
NQRZOHGJHSUROLIHUDWLRQUHJDUGLQJWUHDWPHQWHIIHFWLYHQHVV %HHFK)UHHPDQWOH3RZHU	
)LVKHU'HQQLVHWDO+DQVRQ%RXUJRQ+HOPXV	+RGJVRQ6HWRHWDO
:DOWRQ	&KRX+RZHYHUYDULDEOHV UHODWLQJWRWKHSURJUDPDQGLWV
LPSOHPHQWDWLRQ DUHDOVRLPSRUWDQW'RZGHQ	$QGUHZV+REHUPDQ
&RUUHFWLRQDOSROLF\PDNHUV H[SHULHQFHKXJHSUHVVXUHV WRSURYLGHHIIHFWLYH VSHFLDOL]HG
RIIHQVHWUHDWPHQWVRQDODUJHVFDOHDWORZFRVW7KLVKDVUHVXOWHGLQDJURZLQJUHOLDQFHRQ
SDUDSURIHVVLRQDOV²UDWKHUWKDQTXDOLILHGSV\FKRORJLVWV²WRLPSOHPHQWWUHDWPHQW )RUGH
*DQQRQ	:DUG*DQQRQDQG:DUGK\SRWKHVL]HGWKDWSURJUDPV
IDFLOLWDWHGE\TXDOLILHGSV\FKRORJLVWVVKRXOG SURGXFHRSWLPDORXWFRPHV7KHLUSUHGLFWLRQV
FHQWHUHGRQWKHSUHPLVHWKDWIXOO\WUDLQHG SV\FKRORJLVWV KROGWKHOHYHORIH[SHUWLVHDQG
DVVRFLDWHGFOLQLFDOFRPSHWHQFLHV QHFHVVDU\WRH[SHUWO\GHWHFWDQGUHVSRQGWRFRPSOH[FOLHQW
QHHG3UREOHPVZLWKWUHDWPHQWGHOLYHU\PD\ZHOO KDYHXQGHUSLQQHGWKHGLVDSSRLQWLQJUHVXOWV
IURPWKH%ULWLVK 0LQLVWU\RI-XVWLFHVH[XDORIIHQVH SURJUDPHYDOXDWLRQ%XOORFN%XQFH	
'RGGV0HZVHWDO  VLQFHIXOO\TXDOLILHGSV\FKRORJLVWVZHUHUDUHO\LQYROYHGLQ
KDQGVRQWUHDWPHQW<HWWRRXUNQRZOHGJHWKLVYDULDEOHUHPDLQVXQWHVWHG2WKHUVWDII
YDULDEOHVVXFKDVWKHSURYLVLRQRIIDFLOLWDWRUFOLQLFDOVXSHUYLVLRQ%XOORFNHWDOPD\
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DOVRLPSDFWXSRQWUHDWPHQWHIIHFWLYHQHVVDQGDVDFRUROODU\ WR*DQQRQDQG:DUG¶V
SUHGLFWLRQVZKHWKHURUQRWVXSHUYLVLQJVWDIIKROGSV\FKRORJLFDOH[SHUWLVH+RZHYHUDJDLQ
WKHVHYDULDEOHVKDYHQRW\HWEHHQIRUPDOO\WHVWHG
5HJDUGLQJSURJUDPYDULDEOHVPHWDDQDO\VHVVKRZWKDWDGKHUHQFH WRWKH5LVN 1HHG
DQG5HVSRQVLYLW\ 515 SULQFLSOHV RIFRUUHFWLRQDOWUHDWPHQW$QGUHZV	%RQWD 
DUHGXFHPDQ\W\SHVRIUHFLGLYLVP$QGUHZV	%RQWDE%DEFRFNHWDO 
'RZGHQ	$QGUHZV+DQVRQ HWDO)RUSV\FKRORJLFDODSSURDFKHV&%7DSSHDUV
WRJHQHUDWHRSWLPDOUHFLGLYLVPUHGXFWLRQV+DQVRQHWDO /|VHO 	6FKPXFNHU
6FKPXFNHU	/|VHOZLWKWKHVHHPLQJH[FHSWLRQRIGRPHVWLFYLROHQFH SURJUDPV
%DEFRFNHWDO6PHGVOXQGHWDO2WKHUSURJUDPYDULDEOHV²H[FHSWIRUDVPDOO
VHOHFWLRQLQYHVWLJDWHGLQVH[XDORIIHQGLQJ /|VHO	6FKPXFNHU6FKPXFNHU	 /|VHO
²KDYHUHFHLYHGOHVVDWWHQWLRQ
0HWD$QDO\VLV1HHGDQG2SHQ6FLHQFH)UDPHZRUN3UHSODQQHG+\SRWKHVHV
3UHYLRXVPHWDDQDO\VHVH[DPLQLQJRIIHQVHSURJUDPVKDYHIRFXVHGRQRQHVLQJOH
RIIHQVHW\SHDQGKDYHRIWHQH[DPLQHGDPL[WXUHRIVSHFLDOL]HG DQGQRQVSHFLDOL]HG
WUHDWPHQWV1RSUHYLRXVZRUNKDVV\QWKHVL]HGVSHFLDOL]HG SV\FKRORJLFDORIIHQVHWUHDWPHQWVWR
H[DPLQHWKHLULPSDFWRQERWKRIIHQVH VSHFLILFDQGQRQRIIHQVHVSHFLILFUHFLGLYLVP2XU
SUHGHILQHGK\SRWKHVHVDUHSXEOLFO\DYDLODEOHYLDWKH2SHQ6FLHQFH)UDPHZRUNUHSRVLWRU\
KWWSVRVILRHXYW:HSUHGLFWWKDWLQGLYLGXDOV WUHDWHGZLWKDVSHFLDOL]HG SV\FKRORJLFDO
RIIHQVHSURJUDP YVFRPSDULVRQXQWUHDWHGLQGLYLGXDOVZLOOVKRZUHGXFHGRIIHQVH VSHFLILF
DQGQRQRIIHQVH VSHFLILFUHFLGLYLVP%DVHGRQWKHH[WDQWOLWHUDWXUHZHH[SHFWWKHODUJHVW
UHFLGLYLVPHIIHFWVWREHDVVRFLDWHGZLWKVH[XDORIIHQVHYV GRPHVWLFYLROHQFHSURJUDPV
3UHYLRXVPHWDDQDO\VHVKDYHQRWH[DPLQHG WKHLPSDFWRIVWDII YDULDEOHV²LQSDUWLFXODU
TXDOLILHGSV\FKRORJLFDOLQSXW²DVDPRGHUDWRURIUHFLGLYLVPRXWFRPHV:H H[DPLQHWKLVDQG
SUHGLFWWKDWVSHFLDOL]HG SV\FKRORJLFDORIIHQVHWUHDWPHQWIDFLOLWDWHGE\SV\FKRORJLVWVYVQRQ
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SV\FKRORJLVWVZLOOEHDVVRFLDWHGZLWKJUHDWHUUHGXFWLRQVLQERWKRIIHQVH VSHFLILFDQGQRQ
RIIHQVH VSHFLILFUHFLGLYLVP,QDGGLWLRQWRWKHVH NH\K\SRWKHVHVZHH[SORUHWKHHIIHFWVRI
GHPRJUDSKLFYDULDEOHVGDWDVRXUFHYDULDEOHVWUHDWPHQWVWDIIDQGWUHDWPHQWSURJUDP
YDULDEOHVRQERWKRIIHQVH VSHFLILFDQGQRQRIIHQVH VSHFLILFUHFLGLYLVP
0HWKRG
:HUHSRUWRXUPHWKRGLQOLQHZLWKWKH0HWD$QDO\VLV5HSRUWLQJ6WDQGDUGV0$56
35,60$0RKHU/LEHUDWL7HW]ODII	 $OWPDQ DQGZLWK RXUSXEOLFO\ DYDLODEOH2SHQ
6FLHQFH)UDPHZRUNVWXG\SODQ
6WXG\6HOHFWLRQ
:HGLG QRWWLPHOLPLWSXEOLFDWLRQRUVWXG\FRPSOHWLRQGDWHVZKHQXQGHUWDNLQJ
VHDUFKHV+RZHYHUZHGLGOLPLWVHDUFKHVWRDUWLFOHVSXEOLVKHGLQ(QJOLVK:HHOHFWURQLFDOO\
VHDUFKHG 3V\FK,1)2:HERI6FLHQFH3UR4XHVW0('/,1('LVVHUWDWLRQ$EVWUDFWV
,QWHUQDWLRQDOWKH&RFKUDQH&RQWUROOHG7ULDOV5HJLVWHUWKH1DWLRQDO&ULPLQDO-XVWLFH
5HIHUHQFH6HUYLFHWKH8.0LQLVWU\RI-XVWLFH8.+RPH2IILFH&DQDGD&RUUHFWLRQDO
6HUYLFHV1HZ=HDODQG&RUUHFWLRQDO6HUYLFHVWKH8.1DWLRQDO$UFKLYHVDQGWKH1DWLRQDO
3ROLFH/LEUDU\8.$OONH\ZRUGFRPELQDWLRQVXVHGLQRXUVHDUFKHV DUHDYDLODEOHLQRXU
2SHQ6FLHQFH)UDPHZRUNVWXG\SODQ :HVHDUFKHGSXEOLFDWLRQUHIHUHQFHOLVWVDQGVHQW
UHTXHVWVWRWKUHHLQWHUQDWLRQDO/LVWVHUYV$VVRFLDWLRQIRUWKH7UHDWPHQWRI6H[XDO$EXVHUV
*HQGHUEDVHG5HVHDUFK1HWZRUN1DWLRQDO2UJDQLVDWLRQIRUWKH7UHDWPHQWRI$EXVHUVDQG
RQHQDWLRQDO /LVWVHUY'LYLVLRQRI)RUHQVLF3V\FKRORJ\7UDLQHHV8.:HDOVRVHQW
LQGLYLGXDOHPDLOVWRNH\UHVHDUFKHUVLGHQWLILHGLQRXUVHDUFKVWUDWHJ\DVNLQJWKHPWRLGHQWLI\
XQSXEOLVKHGGDWD :HFRQFOXGHGWKHVHDUFKSURFHVVRQ)HEUXDU\DSSUR[LPDWHO\
PRQWKVIROORZLQJRXUILUVWFRPSXWHUL]HGVHDUFK
)RULQFOXVLRQVWXGLHVQHHGHGWRHYDOXDWHDQRIIHQVHVSHFLILF LHVSHFLDOL]HG
SV\FKRORJLFDOWUHDWPHQWSURYLGHGWRDGMXGLFDWHGRIIHQGHUVH[DPLQHUHFLGLYLVPDVDQ
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RXWFRPHYDULDEOHLQFOXGHDFRPSDULVRQJURXSRIDGMXGLFDWHGRIIHQGHUVZKRGLGQRW
UHFHLYHWKHVSHFLDOL]HG WUHDWPHQW LQTXHVWLRQRUFRPSDUDEOHWUHDWPHQW²DQGIRUZKRP
UHFLGLYLVPZDVDOVRH[DPLQHGDQGSURYLGHGHVFULSWLYHRULQIHUHQWLDOVWDWLVWLFVDGHTXDWH
IRUHIIHFWVL]HFDOFXODWLRQ:HH[FOXGHGVWXGLHVIRFXVLQJRQ FOLHQWVXQGHU \HDUV VLQFHWKHVH
FOLHQWVKDYHEHHQDVVRFLDWHGZLWKVWURQJHVWWUHDWPHQWHIIHFWV 6FKPXFNHU	/|VHO
FOLHQWVZLWKOHDUQLQJGLVDELOLW\ RURWKHUFRJQLWLYHLPSDLUPHQWRUWKRVHFRPPLWWHGWRDPHQWDO
KHDOWKIDFLOLW\GXHWRDVLJQLILFDQWPHQWDOGLVRUGHU :HDOVRH[FOXGHGGULQNGULYLQJWUHDWPHQW
HYDOXDWLRQVVLQFHWKHVHSURJUDPVDUHOHVVXVXDOZLWKLQFOLQLFDOIRUHQVLFVHWWLQJV :KHUH
PXOWLSOHVWXGLHVGHVFULEHGWKHVDPHWUHDWPHQWRXWFRPHGDWD RUSURJUDPPHWKHPDQXVFULSW
RXWOLQLQJWKHKLJKHVWTXDOLW\GDWD DQGW\SLFDOO\WKHODUJHVWDQGPRVWUHSUHVHQWDWLYHVDPSOH
ZDVXVHGIRUDQDO\VLV
9DULDEOHV
:HFRGHG SUHGLFWRU DQGRXWFRPHYDULDEOHVXVLQJRYHU FDWHJRULHV9DULDEOHV
ZHUHLQIRUPHGE\SUHYLRXVRIIHQGLQJEHKDYLRUPHWDDQDO\VHV DQGUHVHDUFKOLWHUDWXUHJDSV
.H\ YDULDEOHGHVFULSWLRQVDUHSURYLGHGEHORZ )RUHDFKYDULDEOHDQXQNQRZQ FDWHJRU\ZDV
XVHGWRLQFRUSRUDWHLQIRUPDWLRQWKDWFRXOGQRWEHFODVVLILHGXVLQJSUHH[LVWLQJFDWHJRULHV
3UHGLFWRUV
'HPRJUDSKLFYDULDEOHV $JHFORVHVWDYDLODEOHWRWLPHRILQVWLWXWLRQDOUHOHDVHUDFH
JHQGHU RIIHQVH W\SH DQGVDPSOHVL]H1 WUHDWPHQWFRPSDULVRQ
'DWDVRXUFHYDULDEOHV <HDURISXEOLFDWLRQRUVWXG\FRPSOHWLRQ FRXQWU\RI
SXEOLFDWLRQRULJLQ W\SHRISXEOLFDWLRQ LHMRXUQDOJRYHUQPHQWUHSRUWERRNFKDSWHUWKHVLV
SUHVHQWDWLRQXQSXEOLVKHG
7UHDWPHQWSURJUDPYDULDEOHV )DFLOLW\VHWWLQJSULVRQFRPPXQLW\VSHFLDOIDFLOLW\
WKHUDSHXWLFFRPPXQLW\\HVQRSULPDU\WUHDWPHQW PHWKRGXVHG &%7'XOXWK
 :HGLGQRWH[FOXGHLQGLYLGXDOVUHORFDWHGRUFRPPLWWHGWRPHQWDOKHDOWKIDFLOLWLHVVSHFLILFDOO\WRUHFHLYH
WUHDWPHQWIRUWKHLURIIHQGLQJRU RIIHQVHUHOHYDQWGLVRUGHUHJSHGRSKLOLD
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SV\FKRHGXFDWLRQEHKDYLRXUDOPL[HGW\SHRIRIIHQVH WDUJHWHGLQWUHDWPHQW VH[XDOJHQHUDO
YLROHQFHIDPLO\YLROHQFHPRGHRIWUHDWPHQWSURYLVLRQJURXSLQGLYLGXDOPL[HGWUHDWPHQW
IRUPDWFORVHGUROOLQJWUHDWPHQWOHQJWKKRXUVWUHDWPHQWVLWHUROORXW VLQJOH VLWHPXOWLSOH
VLWHVSRO\JUDSKXVDJH\HVQRWUHDWPHQWTXDOLW\0RVWSURPLVLQJ>XVHV515RUHYLGHQFH
EDVHGSUDFWLFH@3URPLVLQJ>XVHVVRPH515RUHYLGHQFHEDVHGSUDFWLFH@:HDNHU>GRHVQRW
XVH515RUHYLGHQFHEDVHGSUDFWLFH@)RUSURJUDPVWDUJHWLQJVH[XDORIIHQGLQJ ZHDOVR
H[DPLQHGZKHWKHUEHKDYLRUDOFRQGLWLRQLQJSURFHGXUHVKDGEHHQXVHGLQDQDWWHPSWWR
UHFRQGLWLRQLQDSSURSULDWHVH[XDODURXVDO\HVQR
7UHDWPHQWVWDII YDULDEOHV 3UHVHQFHRIUHJLVWHUHGDXWRQRPRXVSRVWJUDGXDWH
SV\FKRORJLVWLQKDQGVRQSURJUDPSURYLVLRQFRQVLVWHQWO\SUHVHQW>LHDOZD\V@
LQFRQVLVWHQWO\SUHVHQW>LHXVXDOO\VRPHWLPHVSUHVHQW@RUQHYHUSUHVHQWIDFLOLWDWRU
VXSHUYLVLRQ\HVQRSURIHVVLRQRILQGLYLGXDOVSURYLGLQJIDFLOLWDWRUVXSHUYLVLRQUHJLVWHUHG
DXWRQRPRXVSRVWJUDGXDWH SV\FKRORJLVWQRQSV\FKRORJLVW RUPL[HG
2XWFRPHV
5HFLGLYLVPYDULDEOHV 5HFLGLYLVPVRXUFHFRQYLFWLRQDUUHVWVRUFKDUJHVLQVWLWXWLRQDO
UHFRUGVXQRIILFLDOUHSRUWVVHOIUHSRUWUHFLGLYLVPW\SHVH[XDOGRPHVWLFYLROHQFHDQGDQ\
YLROHQFHRUDQ\JHQHUDOUHFLGLYLVPUHFLGLYLVPIROORZXSWLPHPRQWKVDQGUHFLGLYLVPQRQ
UHFLGLYLVP VDPSOHVL]H QVWUHDWPHQWFRPSDULVRQ
6WXG\TXDOLW\YDULDEOHV0DWFKLQJRIWKHFRQWURODQGWUHDWPHQWSDUWLFLSDQWV\HVQR
VWXG\GHVLJQUDQGRPL]HGRUQRWDQGUHFLGLYLVPTXDOLW\VFRUH  YHU\ORZTXDOLW\>SRRU
GDWDVRXUFHVXFKDVVHOIUHSRUWDQG LQDGHTXDWHIROORZXSWLPHRIRQHRUOHVV\HDUV@ ORZ
TXDOLW\>XVHVHLWKHUDSRRUGDWDVRXUFHVXFKDVVHOIUHSRUWRU LQDGHTXDWHIROORZXSWLPHRIRQH
 $VRXWOLQHGLQRXUSUHUHJLVWUDWLRQGRFXPHQWZHDOVRDWWHPSWHGWRFROOHFWLQIRUPDWLRQRQRWKHUNH\SURJUDP
DQGVWDIIYDULDEOHVHJQXPEHUDQGW\SHRIVWDIIIDFLOLWDWLQJWUHDWPHQW+RZHYHUZHZHUHXQDEOHWRSRSXODWH
WKHVHYDULDEOHVVXIILFLHQWO\IRUDQDO\VLVDQGVRZHGRQRWGHVFULEHWKHP
 ,IDSDSHUUHSRUWHGPXOWLSOHUHFLGLYLVPW\SHVWKHQZHDOZD\VWRRNWKHFRQYLFWLRQGDWDVLQFHWKLVRIIHUHGXVWKH
KLJKHVWOHYHORIDVVXUDQFHWKDWDQHZRIIHQVHKDGEHHQFRPPLWWHG
 $GDSWHGIURP+DQVRQDQG%XVVLqUH
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RUOHVV\HDUVEXWQRWERWK@ PRGHUDWHTXDOLW\>XVHVHLWKHUDPRGHUDWHGDWDVRXUFHVXFKDV
DUUHVWVRUFKDUJHVRU DGHTXDWHIROORZXSWLPHRI PRUHWKDQRQH\HDU@  KLJKTXDOLW\>XVHVD
PRGHUDWHGDWDVRXUFHVXFKDVDUUHVWVRUFKDUJHVDQG DGHTXDWHIROORZXSWLPHRIPRUHWKDQRQH
\HDU@ YHU\KLJKTXDOLW\>XVHVDKLJKTXDOLW\GDWDVRXUFHVXFKDVQDWLRQDOFRQYLFWLRQGDWD
DQG WKUHHRUPRUH\HDUVIROORZXS@
6WXG\&RGLQJ3URWRFRODQG3URFHGXUH
$FRGLQJSURWRFROLQFRUSRUDWLQJDOOYDULDEOHVGHVFULEHGDERYHZDVXVHGWRFRGHHDFK
LQGLYLGXDOVWXG\6WXGLHVZHUHLQGHSHQGHQWO\GRXEOHFRGHGDQGFURVVFKHFNHG E\7KHUHVD$
*DQQRQDQG-DLPHH6 0DOOLRQ'LVFUHSDQFLHVVWHPPHGIURPPLQRUFRGLQJRYHUVLJKWV
UHVROYHGHDVLO\WKURXJKGLVFXVVLRQ:KHQLQIRUPDWLRQZDVPLVVLQJIRUNH\SUHGLFWRUDQG
RXWFRPHFDWHJRULHV7KHUHVD$*DQQRQXVHGHOHFWURQLFPDLO WRPDNHFRQWDFWZLWKHLWKHUWKH
FRUUHVSRQGLQJPDQXVFULSWDXWKRU RULIWKDWFRQWDFWZDVXQVXFFHVVIXODQRWKHUFRDXWKRU$W
OHDVWWZRUHPLQGHUHPDLOVZHUHVHQWDQGZKHQFRQWDFWZDVXQVXFFHVVIXODIROORZXSSKRQH
FDOO ZDVPDGH:HDWWHPSWHGWRFRQWDFWWKHVWXG\ DXWKRURIDOOEXWWKUHH DUWLFOHV DQGREWDLQHG
DUHVSRQVHUDWHRIQ  5HVSRQGLQJDXWKRUVZHUHQRWDOZD\VDEOHWRSURYLGHDOO
LQIRUPDWLRQ UHTXHVWHG GXHWRMREFKDQJHVRUVLJQLILFDQWWLPHODSVHV&DWHJRULHVZHUH
SXUSRVHIXOO\PHUJHGZLWKRWKHUFDWHJRULHVZKHQWKH\ZHUHXQGHUXVHGSULRUWRK\SRWKHVLV
WHVWLQJ7KH ILQDOFRGLQJSURWRFROLVDYDLODEOHXSRQUHTXHVWIURPWKHILUVWDXWKRU
(IIHFW6L]H&DOFXODWLRQV
2GGV5DWLRV25VZHUHFRPSXWHGIRUWKHWUHDWPHQWDQGFRPSDULVRQJURXSVFRPSDULQJWKH
UDWLRRIUHFLGLYLVWVWRQRQUHFLGLYLVWVIRUHDFKRIIHQVH VSHFLILFDQGQRQRIIHQVH VSHFLILF
UHFLGLYLVPW\SH LHVH[XDOUHFLGLYLVPGRPHVWLFYLROHQFHUHFLGLYLVPJHQHUDO YLROHQFH
>FRPELQHGVH[XDODQGQRQVH[XDO@ RUDQ\JHQHUDOUHFLGLYLVP >DOOUHFLGLYLVPYLROHQWDQG
 ,QWKHVHFDVHVLWZDVFOHDUWKDWFRQWDFWZRXOGQRWSURGXFHWKHLQIRUPDWLRQUHTXLUHGHJWKHDXWKRUVSHFLILHG
LQWKHDUWLFOHWKDWWKLVLQIRUPDWLRQZDVXQREWDLQDEOH
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QRQYLROHQWDVDVLQJOHRXWFRPHYDULDEOH@25VZHUHFRPSXWHGVRWKDWYDOXHVEHORZ
LQGLFDWHGORZHUUDWHVRIUHFLGLYLVPIRUWUHDWPHQWDERYHLQGLFDWHGKLJKHUUDWHVRI
UHFLGLYLVPIRUWUHDWPHQWDQGLQGLFDWHG]HURHIIHFW:HGLGQRWLQFOXGHVWXGLHVWKDW
FRQWDLQHGWUHDWPHQWGURSRXWVLQWKHFRPSDULVRQJURXSGXHWRWKHKLJKHUUHFLGLYLVPUDWHV
DVVRFLDWHGZLWKWKLVJURXSVHH/|VHO	6FKPXFNHU2OYHUHWDO,QVWHDGZH
LQFOXGHGDOOSDUWLFLSDQWVRULJLQDOO\DVVLJQHGWRUHFHLYHWKHRIIHQVHVSHFLILFWUHDWPHQWLQWKH
WUHDWPHQWJURXSZKHUHYHUSRVVLEOHLHLQWHQWWRWUHDWDQDO\VLV7KLVLVOLNHO\WRUHSUHVHQWD
PRUHFRQVHUYDWLYHWHVWRIWKHHIIHFWVRIVSHFLDOL]HGSV\FKRORJLFDORIIHQVHWUHDWPHQW$OOHIIHFW
VL]HFDOFXODWLRQVZHUHHOHFWURQLFDOO\FDOFXODWHG E\0DUN(2OYHUDQGVHYHQVWXGLHV
ZHUHUDQGRPO\VHOHFWHGDQGKDQGUHFDOFXODWHGE\0DUN-DPHV2YHUDOOWKHUHZDV
DJUHHPHQWDFURVVWKHHIIHFWVL]HV
(IIHFW6L]H$JJUHJDWLRQDQG$QDO\VHV
25VZHUHDJJUHJDWHGWRJHQHUDWHRYHUDOO HIIHFWVL]HVZLWKFRQILGHQFHLQWHUYDOV
ZLWKERWKIL[HGDQGUDQGRPHIIHFWVPRGHOVXVLQJ&RPSUHKHQVLYH0HWD$QDO\VLV$
PLQLPXPRIN  VWXGLHVZDVUHTXLUHGWRFRPSXWHDPHDQLQJIXO HIIHFWVL]H(IIHFWVL]H
KHWHURJHQHLW\DFURVVVWXGLHVZDVH[DPLQHGXVLQJWKH4WHVWZLWKDVVRFLDWHGSYDOXH&RFKUDQ
DQG, VWDWLVWLF +LJJLQV7KRPSVRQ'HHNV	$OWPDQ$QDO\VHVZHUH
FRQGXFWHGLQFOXGLQJRXWOLHUVGHILQHGDVH[WUHPHYDOXHVWKDWFRQWULEXWH DSSUR[LPDWHO\ RU
PRUHRIWKHYDULDELOLW\LQHIIHFWVL]HKHWHURJHQHLW\DQGZLWKRXWOLHUVUHPRYHG0RGHUDWRU
YDULDEOHVZHUHH[DPLQHGWKURXJKDJJUHJDWLQJHIIHFWVL]HV DWGLIIHUHQWOHYHOVZLWKLQ
PRGHUDWRUVDQGH[DPLQLQJWKHGLIIHUHQFHLQHIIHFWVL]HPDJQLWXGHIRUDJLYHQPRGHUDWRUWR
DVFHUWDLQWKHHIIHFWVRIWKHVHYDULDEOHVRQUHFLGLYLVPRXWFRPHV3XEOLFDWLRQELDVZDV
H[DPLQHGIRUHDFKPRGHUDWRUYDULDEOH WKDWPHWWKHFULWHULDIRUDV\PPHWU\WHVWLQJSURSRVHGE\
,RDQQLGLVDQG7ULNDOLQRV  7KUHHVHWVRIDV\PPHWU\WHVWLQJZHUHFRQGXFWHGIXQQHO
SORWVRISUHFLVLRQWULPDQGILOO'XYDO	7ZHHGLHDQGIDLOVDIH1 5RVHQWKDO
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5HVXOWV
$V)LJXUHVKRZVRXUVHDUFKHVLQLWLDOO\LGHQWLILHGDUWLFOHVRIZKLFK DUWLFOHV
GHVFULELQJ VWXGLHVPHWWKHIXOO LQFOXVLRQFULWHULD7KHVHVWXGLHVGHVFULEHGWKHUHFLGLYLVPRI
 RIIHQGHUV WUHDWHG FRPSDULVRQ IURPLQGHSHQGHQWVDPSOHV6WXGLHV
RULJLQDWHGIURP SHHUUHYLHZHGMRXUQDODUWLFOHV WKHVHVGLVVHUWDWLRQV
SRVWHUSUHVHQWDWLRQV JRYHUQPHQWUHSRUWVERRNFKDSWHUDQGXQSXEOLVKHGPDWHULDOV
0RVWVWXGLHVKDGEHHQSXEOLVKHGVLQFHN  ZLWKVRPHSXEOLVKHGLQWKHVN  
DQGVN  2YHUDOOVWXGLHVZHUHMXGJHGWREHRIUHDVRQDEOHTXDOLW\ZLWKN
  KROGLQJDUHFLGLYLVPTXDOLW\VFRUHRIKLJKRUYHU\KLJK2QO\VL[ VWXGLHVXVHGD
UDQGRPL]HGGHVLJQ ILYHH[DPLQLQJ GRPHVWLFYLROHQFHDQGRIWKHUHPDLQLQJVWXGLHVMXVW
XQGHU RQHWKLUGN XVHGDQDSSURSULDWHO\PDWFKHGWUHDWPHQWDQGFRPSDULVRQJURXS 
H[DPLQLQJVH[XDORIIHQVHSURJUDPVGRPHVWLFYLROHQFH SURJUDPVDQGJHQHUDOYLROHQFH
SURJUDPV.H\YDULDEOHVDUHVKRZQLQ7DEOH2SHQDFFHVVGDWDLVDYDLODEOHIURP
KWWSG[GRLRUJVQ[UI]\W
>)LJXUHDQG7DEOH+HUH@
2IIHQVH 6SHFLILF5HFLGLYLVP
$FURVVDOOSURJUDPW\SHV LHVH[XDOGRPHVWLFYLROHQFHRUJHQHUDOYLROHQFHN  
 XVLQJDQ DYHUDJHIROORZXSRIPRQWKVRIIHQVH VSHFLILFUHFLGLYLVPZDVVLJQLILFDQWO\
ORZHUIRULQGLYLGXDOVZKRUHFHLYHGVSHFLDOL]HG WUHDWPHQWUHODWLYHWRWKRVHZKRKDGQRW
>6'  @YV >6'  @ UHVSHFWLYHO\XQZHLJKWHGPHDQVLQ ERWKWKH
UDQGRP25 &, DQGIL[HGHIIHFWPRGHOV25 &, 
7KLVUHSUHVHQWVDQDEVROXWHGHFUHDVHLQUHFLGLYLVPRIDQGDUHODWLYHGHFUHDVH
RI
6H[XDORIIHQGLQJ
 2YHUDOON GRHVQRWHTXDOEHFDXVHQRWDOOVWXGLHVH[DPLQHGRIIHQVHVSHFLILFUHFLGLYLVP
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7DEOHVKRZVPHWDDQDO\VLV UHVXOWV IRUVH[XDOUHFLGLYLVP5HDGHUVVKRXOGQRWHWKDW
0HZVHWDOZDVLGHQWLILHGDV DQRXWOLHUIRUWKHEXONRIDQDO\VHVIHDWXULQJ DQ
H[WUHPHO\ODUJHVDPSOHVL]H)RUWKLVUHDVRQZHUHSRUWDOOILQGLQJVZLWKWKLVVWXG\UHPRYHG
DQG LQFOXGHG5HDGHUVVKRXOGDOVRQRWH WKDWUDQGRPHIIHFWVPRGHOVDUHOHVVLQIOXHQFHGE\
RXWOLHUVWKDQIL[HGHIIHFWVPRGHOVZKLFK ZHLJKWHIIHFWVL]HV VWULFWO\E\VDPSOHVL]HDVVXFK
UDQGRPHIIHFWVPRGHOVZHUHOHVVLPSDFWHGE\ LQFOXVLRQRI0HZVHWDO
6H[XDORIIHQVHSURJUDPVN   JHQHUDWHGD VWDEOH DQGVLJQLILFDQW WUHDWPHQWHIIHFW
UHJDUGOHVVRIZKHWKHUUDQGRP25 &,  RUIL[HGHIIHFWV25 
&, PRGHOVZHUHXVHG6LPLODU WRSUHYLRXVPHWDDQDO\VHVVLJQLILFDQW
KHWHURJHQHLW\ZDVSUHVHQWDFURVVVWXGLHV4V S 2YHUDQDYHUDJHIROORZXS
WLPHRIPRQWKV6' VH[XDOUHFLGLYLVPZDVIRUWUHDWHG DQGIRU
XQWUHDWHGLQGLYLGXDOV XQZHLJKWHGPHDQV7KLVUHSUHVHQWV DQDEVROXWHGHFUHDVH LQUHFLGLYLVP
RIDQGDUHODWLYHGHFUHDVHRI:KLOHWKH0HZVHWDOHYDOXDWLRQKDGD
OLPLWHGHIIHFWRQWKHUDQGRPHIIHFWVPRGHOLWLPSDFWHGWKHIL[HGHIIHFWPRGHOZKLFK
PDLQWDLQHGVLJQLILFDQWEXWVPDOOHU DVVRFLDWLRQVZLWKGHFUHDVHGVH[XDOUHFLGLYLVP:HOLPLW
RXUPRGHUDWRUFRPPHQWDU\EHORZWRNH\ILQGLQJV
>7DEOH+HUH@
6WDIIPRGHUDWRUV7UHDWPHQWZDVPRVW HIIHFWLYHLQUHGXFLQJVH[XDOUHFLGLYLVPZKHQ
DTXDOLILHGOLFHQVHGSV\FKRORJLVWZDVFRQVLVWHQWO\SUHVHQWLQWUHDWPHQWYV LQFRQVLVWHQWO\
SUHVHQWXQNQRZQRUQRWSUHVHQWDWDOO7KLVHIIHFWUHPDLQHG ZKHQ0HZVHWDO ZDV
LQFOXGHG5HFHLYLQJVXSHUYLVLRQIURPRWKHUVWDIIZKHQIDFLOLWDWLQJWUHDWPHQWDOVROHGWREHWWHU
UHGXFWLRQVLQ VH[XDOUHGLYLVP UHODWLYHWRVXSHUYLVLRQQRW EHLQJSURYLGHGRULWVSURYLVLRQEHLQJ
XQNQRZQ7KLV HIIHFWUHPDLQHGZKHQ0HZVHWDO ZDVLQFOXGHGLQWKHUDQGRPHIIHFWVPRGHO
EXWUHGXFHGLQ WKHIL[HGHIIHFWVPRGHO6XSHUYLVLRQSURYLGHGE\SV\FKRORJLVWVKHOGWKHEHVW
DVVRFLDWLRQV ZLWKUHGXFHGVH[XDOUHFLGLYLVP$N RIIRUQRQSV\FKRORJLVWSURYLVLRQ PDGHLW
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LPSRVVLEOHWRGUDZDGHTXDWHFRPSDULVRQV+RZHYHUSURYLVLRQE\ERWKSV\FKRORJLVWVDQGQRQ
SV\FKRORJLVWV DSSHDUHGOHVVHIIHFWLYHUDQGRPHIIHFWV PRGHORUQRWHIIHFWLYHIL[HGHIIHFWV
PRGHO
7UHDWPHQWSURJUDPPRGHUDWRUV$OOVH[XDORIIHQVH WUHDWPHQWZDV&%77KHUHZHUH
ODUJHUUHGXFWLRQVLQVH[XDOUHFLGLYLVPZKHQWUHDWPHQWVHUYLFHTXDOLW\ZDVUDWHGDVSURPLVLQJ
RUPRVWSURPLVLQJ UHODWLYHWRZHDNHUVHUYLFHV7KHIL[HGHIIHFWIRUPRVWSURPLVLQJSURJUDPV
25 ZDVGULYHQE\WKHVLQJOHODUJHVDPSOHVWXG\RI0HZVHWDO7KH
DVVRFLDWLRQEHWZHHQSURJUDPLQWHQVLW\DQGRXWFRPHZDVQRWXQLIRUPZLWKWUHDWPHQWHIIHFWV
JHQHUDOO\REVHUYHGDFURVVSURJUDPVRIYDULRXVOHQJWKV DOWKRXJKKRXUSURJUDPV
ZLWKDQGZLWKRXW0HZVHWDOJHQHUDWHG VPDOOHUHIIHFWV7UHDWPHQWDFURVVLQVWLWXWLRQVDQG
WKHFRPPXQLW\SURGXFHGFRPSDUDEOH VH[XDOUHFLGLYLVP UHGXFWLRQV:KHQ0HZVHWDOZDV
LQFOXGHGZLWKLQLQVWLWXWLRQDOVHWWLQJVKRZHYHUFRPPXQLW\SURJUDPVJHQHUDWHGFRPSDUDEO\
ODUJHUHIIHFWV
*URXSEDVHG WUHDWPHQWUDWKHUWKDQPL[HGJURXSDQGLQGLYLGXDOWUHDPHQW SURGXFHG
WKHJUHDWHVWUHGXFWLRQVLQVH[XDOUHFLGLYLVPH[FHSWDJDLQZKHQ0HZVHWDOZDV
DGMXVWHGIRULQWKHIL[HGHIIHFWVPRGHO5HODWLYHO\ODUJHUWUHDWPHQWHIIHFWVZHUHREVHUYHGIRU
SURJUDPVWKDWLQFRUSRUDWHGVRPHIRUPRIDURXVDOUHFRQGLWLRQLQJ YV QRQH RUXQNQRZQ
3URJUDPVWKDWLQFRUSRUDWHGSRO\JUDSKXVHYV WKRVHWKDWGLGQRWRULWVXVHZDVXQNQRZQ
SURGXFHGOHVVFRQYLQFLQJ UHFLGLYLVP UHGXFWLRQVWKHIL[HGHIIHFWVPRGHOIRUSRO\JUDSKDEVHQW
SURJUDPV25  ZDVGULYHQE\0HZVHWDO )LQDOO\SURJUDPV SURYLGHGLQ1HZ=HDODQG
RU$XVWUDOLDDQG&DQDGDSURGXFHGVXEVWDQWLDOUHGXFWLRQVLQVH[XDOUHFLGLYLVPUHODWLYHWRRWKHU
FRXQWULHV 2QHLQIRXURIWKHVHSURJUDPVZDV FKDUDFWHUL]HGE\ FRQVLVWHQWSV\FKRORJLVWLQSXW
6WXG\TXDOLW\PRGHUDWRUV:LWKWKHH[FHSWLRQRIVWXGLHVUDWHGIDLUPRGHUDWHN 
VWXGLHVUDWHGDVKLJKRUYHU\KLJKRQUHFLGLYLVPTXDOLW\ZHUHDVVRFLDWHGZLWKUREXVW
UHFLGLYLVPUHGXFWLRQV25UDQJHWR7KHIL[HGHIIHFWVPRGHOZLWK0HZVHWDO
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LQFOXGHGZDVWKHRQO\H[FHSWLRQ6WXGLHVWKDWHPSOR\HGPDWFKLQJFULWHULDSURGXFHG
OHVVVXSHULRU\HWVLJQLILFDQW UHGXFWLRQVLQVH[XDOUHFLGLYLVP$JDLQWKHDGGLWLRQRI0HZVHW
DOLQ WKHIL[HGHIIHFWVPRGHOZDVWKHRQO\H[FHSWLRQ
'RPHVWLFYLROHQFH
'RPHVWLFYLROHQFHSURJUDPVN  JHQHUDWHGD VLJQLILFDQW WUHDWPHQWHIIHFW
UHJDUGOHVVRIZKHWKHUUDQGRP25 &, RUIL[HGHIIHFWV25 
&, PRGHOVZHUHXVHG ZLWK VLJQLILFDQWKHWHURJHQHLW\DFURVVVWXGLHV4V 
S  2YHUDQDYHUDJHPRQWK IROORZXSGRPHVWLFYLROHQFHUHFLGLYLVPZDV
6'  IRULQGLYLGXDOVZKRUHFHLYHGWUHDWPHQWDQG 6'   IRU
XQWUHDWHGFRPSDULVRQVXQZHLJKWHGPHDQV7KLVUHSUHVHQWVDQDEVROXWHGHFUHDVHLQ
UHFLGLYLVPRI DQGDUHODWLYHGHFUHDVHRI
6WDII PRGHUDWRUV$VVKRZQLQ7DEOHNVZHUH  IRUPDQ\VWDII YDULDEOHV 6LPLODU
WRVH[XDORIIHQVHSURJUDPVKRZHYHUGRPHVWLFYLROHQFHWUHDWPHQWDSSHDUHGPRVWHIIHFWLYH
ZKHQDTXDOLILHGSV\FKRORJLVWZDVFRQVLVWHQWO\SUHVHQW YV LQFRQVLVWHQWO\SUHVHQWXQNQRZQ
RU QRWSUHVHQWDWDOO 7KH H[FHSWLRQZDVWKHIL[HGHIIHFWVPRGHOIRUFRQVLVWDQWSV\FKRORJLVW
SUHVHQFHGULYHQE\DVLQJOHODUJHVDPSOHVWXG\'XWWRQ%RGQDUFKXN.URSS+DUW	2JORII
5HFHLYLQJVXSHUYLVLRQIURPRWKHUVWDIIZKHQIDFLOLWDWLQJWUHDWPHQWIRUGRPHVWLF
YLROHQFHSHUSHWUDWRUVDOVRDSSHDUHGLPSRUWDQWLQUHGXFLQJGRPHVWLFYLROHQFHUHFLGLYLVPYV
VXSHUYLVLRQQRW EHLQJ SURYLGHGRULWVSURYLVLRQXQNQRZQ7KHUHODWLYHHIIHFWVRIYDULRXV
SURIHVVLRQVSURYLGLQJVXSHUYLVLRQZDVXQFOHDUKRZHYHU GXHWRWKHODUJHQXPEHURIVWXGLHV
IRUZKLFKVXSHUYLVRUSURIHVVLRQUHPDLQHGXQNQRZQ
>7DEOH+HUH@
7UHDWPHQWSURJUDPPRGHUDWRUV$OO GRPHVWLFYLROHQFHSURJUDPVZHUHSURYLGHGLQ
JURXSVPRVWO\FORVHGLQIRUPDWN  DOPRVWH[FOXVLYHO\FRPPXQLW\EDVHGN   DQGRI
VKRUW GXUDWLRQLH KRXUVN ,QDGGLWLRQQRQHLQYROYHGWKHUDSHXWLFFRPPXQLWLHV
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OLNHO\EHFDXVHWUHDWPHQWZDVODUJHO\FRPPXQLW\EDVHG,QWHUHVWLQJO\WKHDVVRFLDWLRQEHWZHHQ
SURJUDPTXDOLW\DQGGRPHVWLFYLROHQFHUHFLGLYLVPUDQFRXQWHUWRWKDWIRUVH[XDORIIHQVH
SURJUDPV7KHIL[HGHIIHFWIRU SURPLVLQJSURJUDPVZDVGULYHQE\DVLQJOHODUJHVDPSOHVWXG\
ZLWKDSRVLWLYHWUHDWPHQWHIIHFW %ORRPILHOG	'L[RQ+RZHYHUWKHUDQGRPHIIHFWV
UHGXFHGWKHLPSDFWRIWKLVVWXG\RQWKHRYHUDOOHIIHFW7KHVRFDOOHG³ZHDNHU´ SURJUDPV
ZKLFKWHQGHGWRIHDWXUHHGXFDWLRQEDVHGJURXSVJHQHUDWHGVWURQJWUHDWPHQWHIIHFWV
DFFRXQWLQJIRUODUJH UHGXFWLRQVLQGRPHVWLFYLROHQFHUHFLGLYLVP 25V UDQGRPIL[HG
&%7WUHDWPHQWPHWKRGVGLGQRWSURGXFHFRQYLQFLQJUHGXFWLRQVLQGRPHVWLF YLROHQFH
UHFLGLYLVP+RZHYHUWKH'XOXWKPRGHO²ZKLFKLWVHOILVDSURIHPLQLVW\HWDOVR&%7EDVHG
SURJUDP²DQGSV\FKRHGXFDWLRQDOPRGHOVERWKSURGXFHGUREXVWUHGXFWLRQVLQGRPHVWLF
YLROHQFHUHFLGLYLVP 3URJUDPVSURYLGHGLQRQHORFDWLRQ DVRSSRVHGWRPXOWLSOHORFDWLRQV
ZHUHPRVWHIIHFWLYHLQUHGXFLQJGRPHVWLFYLROHQFHUHFLGLYLVP
6WXG\TXDOLW\PRGHUDWRUV9DULDWLRQVRQUHFLGLYLVPTXDOLW\VFRUHZHUHGLIILFXOWWR
LQWHUSUHWGXHWRVPDOON LQWKHSRRUDQGYHU\KLJKFDWHJRULHV+RZHYHUVWXGLHVUDWHGPRGHUDWH
DQGKLJKZHUHDVVRFLDWHGZLWK FRPSDUDEO\UREXVW UHGXFWLRQVLQGRPHVWLFYLROHQFH7KH
UDQGRPHIIHFWV25IRUWKHKLJKFDWHJRU\ZDVGULYHQE\'XWWRQHWDO2QO\RQHVWXG\
HPSOR\HGPDWFKLQJFULWHULDPDNLQJLQWHUSUHWDWLRQRIWKLVYDULDEOHGLIILFXOW6LQFHIRXUVWXGLHV
HPSOR\HGDUDQGRPL]HG GHVLJQKRZHYHUZHZHUHDEOHWRH[DPLQH25VIRUVWXGLHVZLWKDQG
ZLWKRXWWKLVIHDWXUH%RWKVWXGLHVWKDWHPSOR\HGUDQGRPL]DWLRQDQGVWXGLHVWKDWGLGQRW
HPSOR\UDQGRPL]DWLRQZHUHDVVRFLDWHGZLWKUREXVWUHGXFWLRQVLQGRPHVWLFYLROHQFHDOWKRXJK
UDQGRPL]DWLRQ ZDVDVVRFLDWHGZLWKZHDNHU25V
9LROHQFH
3URJUDPVWDUJHWWLQJJHQHUDOYLROHQFHFRPSULVHG RQO\D VPDOOVXEFDWHJRU\RIVWXGLHVN
  DQGVRZHFRXOGQRWH[DPLQHVWDIIRU WUHDWPHQWSURJUDPPRGHUDWRUV+RZHYHUDVWDEOH
DQGVLJQLILFDQWWUHDWPHQWHIIHFWZDV IRXQGUHJDUGOHVVRIZKHWKHUUDQGRP25 &,
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 RUIL[HGHIIHFWV25 &, PRGHOV ZHUHXVHGZLWKDOPRVW
QHJOLJLEOHVWXG\HIIHFWVL]H KHWHURJHQHLW\4  QV2YHUDQDYHUDJHIROORZXSRI
PRQWKV 6' JHQHUDOYLROHQFHUHFLGLYLVPZDVIRUWUHDWHGDQGIRU
XQWUHDWHGLQGLYLGXDOVXQZHLJKWHGPHDQVDEVROXWHGHFUHDVHUHODWLYHGHFUHDVH
1RQ2IIHQVH 6SHFLILF5HFLGLYLVP
$Q\YLROHQWUHFLGLYLVP
:HH[DPLQHGWKHRYHUDOODELOLW\RIDOOVSHFLDOL]HG SURJUDPVLHVH[XDOGRPHVWLF
YLROHQFHRUJHQHUDO YLROHQFHWRUHGXFHDQ\ IRUPRIYLROHQWUHFLGLYLVPRSHUDWLRQDOL]HGDVD
VLQJOHRXWFRPHYDULDEOHWKDWLQFOXGHGERWKVH[XDODQGQRQVH[XDOYLROHQFH ZKHUHWKLV
LQIRUPDWLRQZDVDYDLODEOHN  VHH7DEOH3URJUDPVSURGXFHG DVLJQLILFDQWUHGXFWLRQLQ
YLROHQFHLQWKHUDQGRP25  &, DQG IL[HGHIIHFWV 25 
&,  PRGHOVZLWK VLJQLILFDQWKHWHURJHQHLW\4 S  $FURVV
SURJUDPV RYHUDQDYHUDJHIROORZXSWLPHRIPRQWKV 6' JHQHUDOYLROHQFH
UHFLGLYLVPZDVIRUWUHDWHG DQGIRU XQWUHDWHGLQGLYLGXDOVXQZHLJKWHGPHDQV
FRUUHVSRQGLQJWR DQ DEVROXWH GHFUHDVHLQ UHFLGLYLVPRIDQGUHODWLYHGHFUHDVHRI
:KHQ HIIHFWVZHUHGLVDJJUHJDWHGDFURVVHDFKRIWKHWKUHHSURJUDPW\SHV VLPLODU25
PDJQLWXGHVZHUHREVHUYHGZLWKDOLWWOHPRUHYDULDWLRQREVHUYHGIRUVH[XDORIIHQVHSURJUDPV
>7DEOH+HUH@
6WDIIWUHDWPHQWDQGVWXG\TXDOLW\ PRGHUDWRUV &RQVLVWHQWZLWKILQGLQJVIRU
RIIHQVH VSHFLILFUHFLGLYLVPIDFLOLWDWRULQSXWIURPDTXDOLILHGSV\FKRORJLVW SURGXFHGVXSHULRU
UHGXFWLRQVLQYLROHQFHUHODWLYHWRLQFRQVLVWHQWSV\FKRORJLFDOIDFLOLWDWRULQSXW,WLVXQFOHDU
ZKDWSURGXFHGWKHVXSHULRU25VQRWHGIRUWKHQRQHRUXQNQRZQFDWHJRU\5HGXFWLRQVLQ
JHQHUDOYLROHQFHDFURVVSURJUDPVGLGQRWDSSHDUWREHVXEVWDQWLYHO\LPSDFWHGE\ZKHWKHU
VWDIIVXSHUYLVLRQZDVSURYLGHG+RZHYHUZKHQSV\FKRORJLVWVDQGQRQSV\FKRORJLVWV
SURYLGHGVXSHUYLVLRQRQWKHVDPHSURJUDPWUHDWPHQWHIIHFWLYHQHVVGLPLQLVKHGVXEVWDQWLDOO\
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7UHDWPHQWHIIHFWVZHUHIRXQGDFURVVWKHYDULRXVOHYHOVRIVHUYLFHTXDOLW\DOWKRXJKSURJUDPV
FODVVLILHGDVPRVWSURPLVLQJZHUHDVVRFLDWHGZLWKWKHEHVWYLROHQFHUHGXFWLRQVH[FHSWZKHQ
0HZVHWDOZDV HQWHUHG LQWKHIL[HGHIIHFWVPRGHO7UHDWPHQWHIIHFWVZHUHDOVRIRXQG
DFURVVWKHYDULRXVOHYHOVRIWUHDWPHQWLQWHQVLW\DOWKRXJKSURJUDPVRIORZHULQWHQVLW\
KRXUVDSSHDUHGVOLJKWO\OHVVHIIHFWLYHWKDQ KLJKHULQWHQVLW\SURJUDPV7UHDWPHQWWKDWZDV
JURXSEDVHGUDWKHUWKDQDPL[WXUHRIJURXSDQGLQGLYLGXDOPRGDOLWLHV SURGXFHGWKHJUHDWHVW
UHGXFWLRQVLQYLROHQW UHFLGLYLVP H[FHSWZKHQ0HZVHWDO ZDVHQWHUHGLQWRWKHIL[HGHIIHFWV
PRGHO3URJUDPVDGPLQLVWHUHGDWRQHWUHDWPHQWVLWHDOVRDSSHDUHGVOLJKWO\PRUHHIIHFWLYHWKDQ
WUHDWPHQWVDGPLQLVWHUHGDFURVVPXOWLSOHVLWHV )RUUHFLGLYLVPTXDOLW\UDWLQJVDOOFDWHJRULHV
ZHUHDVVRFLDWHGZLWKUREXVWUHFLGLYLVPUHGXFWLRQVKRZHYHUUDWLQJVRIYHU\KLJK TXDOLW\
ZKLFKLQFOXGHG0HZVHWDOSURGXFHGVOLJKWO\ZHDNHUDVVRFLDWLRQVZLWKYLROHQW
UHFLGLYLVP6LPLODUO\ZKLOVWERWKPDWFKHGDQGQRQPDWFKHGGHVLJQVSURGXFHGQRWDEOH
UHGXFWLRQV LQYLROHQFHUHFLGLYLVPWKHZHDNHVW DVVRFLDWLRQVZHUHIRXQGIRUPDWFKHGGHVLJQV
*HQHUDO DQ\ UHFLGLYLVP
7KLUW\VL[VSHFLDOL]HG SURJUDPVH[DPLQHGJHQHUDOWKDWLVDQ\DQGDOO UHFLGLYLVP
RSHUDWLRQDOL]HGDVDVLQJOHRXWFRPHYDULDEOH VHH7DEOH7KHVHSURJUDPVVLJQLILFDQWO\
UHGXFHG JHQHUDOUHFLGLYLVPLQ ERWKWKHUDQGRP25 &, DQGIL[HG
HIIHFWV25 &, PRGHOVZLWKVLJQLILFDQWKHWHURJHQHLW\4 
S $FURVVDOOSURJUDPW\SHVRYHUDQDYHUDJHPRQWK 6'  IROORZXS DQ\
JHQHUDOUHFLGLYLVPZDVIRUWUHDWHG LQGLYLGXDOV DQGIRUXQWUHDWHGFRPSDULVRQV
XQZHLJKWHGPHDQVFRUUHVSRQGLQJWR DEVROXWHDQGUHODWLYHUHFLGLYLVPGHFUHDVHV RIDQG
UHVSHFWLYHO\ 6LPLODU25PDJQLWXGHVZHUHREVHUYHGDFURVV WKHWKUHHSURJUDPW\SHV
6WDIIWUHDWPHQWDQGVWXG\TXDOLW\PRGHUDWRUV+HUH ILQGLQJVGLGQRWDOZD\V
PLUURUWKRVHDOUHDG\UHSRUWHGVLQFHWUHDWPHQWHIIHFWVGLGQRWYDU\DFFRUGLQJWRWKHSUHVHQFHRI
DTXDOLILHGSV\FKRORJLVW+RZHYHUWUHDWPHQWHIIHFWVOHVVHQHGZKHQVXSHUYLVLRQZDVSURYLGHG
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IRUWKHVDPHWUHDWPHQW SURJUDP E\ERWKSV\FKRORJLVWVDQGQRQSV\FKRORJLVWVYVVXSHUYLVLRQ
SURYLGHGRQO\E\SV\FKRORJLVWVRUQRQSV\FKRORJLVWV&RIDFLOLWDWLRQRISURJUDPVDSSHDUHG
EHQHILFLDOUHODWLYHWRLQGLYLGXDOO\IDFLOLWDWHGSURJUDPV7KHSURPLVLQJDQGPRVWSURPLVLQJ
SURJUDPVSURGXFHG WKHVWURQJHVWDVVRFLDWLRQVZLWKJHQHUDOUHFLGLYLVPUHGXFWLRQUHODWLYHWR
SURJUDPVUDWHGDVZHDNHU)RUWKHPRVWSDUWWUHDWPHQWVRIYDU\LQJLQWHQVLW\H[HUWHGUREXVW
WUHDWPHQWHIIHFWVZLWKWKHH[FHSWLRQRIWKHIL[HGHIIHFWIRUORQJHUWHUP WUHDWPHQW!
KRXUV3URJUDPVDFURVVDOOFRXQWULHVH[KLELWHGUHGXFWLRQVLQJHQHUDORIIHQGLQJDOWKRXJK
&DQDGDKHOGWKHORZHVWDVVRFLDWLRQV7KHUHGLGQRWDSSHDUWREHDXQLIRUPUHODWLRQVKLS
EHWZHHQUHFLGLYLVPTXDOLW\VFRUHDQGUHGXFWLRQVLQJHQHUDOUHFLGLYLVP+RZHYHUPDWFKHG
GHVLJQVZHUHDVVRFLDWHGZLWK DVOLJKWO\ORZHUDVVRFLDWLRQVZLWKUHFLGLYLVP UHGXFWLRQ
>7DEOH+HUH@
3XEOLFDWLRQ%LDV$QDO\VHV
:HXVHGWHVWV RIDV\PPHWU\WRDVVHVVSXEOLFDWLRQELDVDVVRFLDWHGZLWKWKHILOHGUDZHU
SUREOHPIRUDOOPRGHUDWLQJYDULDEOHVWKDWPHW,RDQQLGLVDQG7ULNLQRV¶ FULWHULDVHH
7DEOH7KLUWHHQ YDULDEOHVTXDOLILHGIRUWHVWLQJ:KHQYLVXDOO\LQVSHFWHG IXQQHOSORWV
VKRZHG FOHDUV\PPHWULFDOGLVSHUVDORIHIIHFWVVL]HVDURXQGWKHPHDQ%DVHGRQWKHIXQQHO
SORWVWULPDQGILOOWHVWVDVVLJQDQ\PLVVLQJYDOXHVDVUHTXLUHGWRFUHDWHV\PPHWU\DVZHOODV
SURYLGHDQDGMXVWHGRYHUDOOHIIHFWVL]H 7KHVHDQDO\VHVDUHEDVHGRQWKHSUHPLVHWKDWZLWKRXWD
SXEOLFDWLRQELDVVWXGLHVZRXOGVKRZQDWXUDOVDPSOLQJHUURUDQGDV\PPHWULFDOGLVWULEXWLRQRI
UHVXOWV7KHWULPDQGILOOWHVWDGGVVWXGLHVK\SRWKHWLFDOO\PLVVLQJGXHWRSXEOLFDWLRQELDVWR
UHFUHDWHZKDWDQXQELDVHGVXPPDU\LVOLNHO\WRORRNOLNH$VVKRZQLQ7DEOHYHU\IHZ
YDULDEOHV UHTXLUHGHIIHFWVL]HVWREHLPSXWHGWRREWDLQV\PPHWU\ZLWKWKHDGMXVWHGLPSXWHG
YDOXHQRWVXEVWDQWLDOO\GLIIHUHQWIURP WKHREVHUYHGHIIHFWVL]H7KHIDLOVDIH1ILJXUHVDUHDOVR
LPSUHVVLYHVKRZLQJWKDWWRRIPLVVLQJVWXGLHVZRXOGEHQHHGHGWRGLPLQLVKVLJQLILFDQW
HIIHFWVL]HVWRQRQVLJQLILFDQFH
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>7DEOH+HUH@
'LVFXVVLRQ
7KH SUHVHQWPHWDDQDO\VLVLVWKHILUVWWRUHYLHZWKHLPSDFWRI YDULRXV VSHFLDOL]HG
SV\FKRORJLFDORIIHQVH WUHDWPHQWV RQ UHFLGLYLVP,QUHODWLRQWRRXUSUHSODQQHGK\SRWKHVLVZH
IRXQGVXEVWDQWLDOO\ORZHUUHFLGLYLVPUDWHV RIIHQVHVSHFLILFDQGQRQRIIHQVHVSHFLILF IRU
LQGLYLGXDOVZKR UHFHLYHGVSHFLDOL]HG SV\FKRORJLFDOWUHDWPHQW YHUVXVXQWUHDWHGFRPSDULVRQV
XVLQJDVDPSOHRIPRUHWKDQ LQGLYLGXDOV:HK\SRWKHVL]HGWKDWWKHVWURQJHVWWUHDWPHQW
HIIHFWVZRXOGEHIRXQGIRUSURJUDPVWDUJHWLQJVH[XDORIIHQGLQJ UDWKHUWKDQGRPHVWLF
YLROHQFH \HWVXUSULVLQJO\ ZHIRXQGFRPSDUDEOHVLJQLILFDQWWUHDWPHQWHIIHFWVDFURVVGRPHVWLF
YLROHQFHDQGVH[XDORIIHQVHSURJUDPV,QGHHGRXUPHWDDQDO\VLVLVWKHILUVWWRVXJJHVWWKDW
GRPHVWLFYLROHQFHSURJUDPVSURGXFHUHGXFWLRQVLQPRUHJHQHUDORIIHQGLQJ DQGGLIIHUVIURP
SUHYLRXVO\FRQGXFWHG UHYLHZVVLQFHZHIRXQGHYLGHQFHRIDUHGXFWLRQLQGRPHVWLFYLROHQFH
UHJDUGOHVVRIZKHWKHURUQRWDUDQGRPL]HGVWXG\GHVLJQKDGEHHQXVHG,WLVXQFOHDUZK\RXU
UHVXOWVUHJDUGLQJGRPHVWLFYLROHQFHSURJUDPVGLIIHUIURPWKHSUHYLRXVOLWHUDWXUHZKLFK
SUHVHQWVODUJHO\HTXLYRFDOILQGLQJV2XUPHWDDQDO\VLVGLIIHUVIURPWKRVHFRQGXFWHG
SUHYLRXVO\ LQYDULRXVZD\VDOORIZKLFKDUHDVVRFLDWHGZLWKRXULQFOXVLRQFULWHULD)RU
H[DPSOHZHIRFXVHGRQO\RQVSHFLDOL]HGGRPHVWLFYLROHQFHWUHDWPHQWFI%DEFRFNHWDO
ZKRLQFOXGHGXQVSHFLILHGWKHUDS\XVHG LQWHQWWRWUHDWDQDO\VHV FI%DEFRFNHWDO
 ZKRXVHGFRQWUROJURXSVPDGHXSRIWUHDWPHQWGURSRXWVLQFOXGHGWUHDWPHQWVIURP
YDULRXVFRXQWULHVFI)HGHU	:LOVRQ6PHGVOXQGHWDO ZKRIRFXVHGRQO\RQ
1RUWK$PHULFDQVWXGLHVDQGLQFOXGHGDUDQJHRI VWXG\GHVLJQVDQGWUHDWPHQWDSSURDFKHVFI
6PHGVOXQGHWDO ZKRIRFXVHGRQO\RQUDQGRPL]HGFRQWUROOHGWUHDWPHQWV WKDWFRQWDLQHG
HOHPHQWVRI&%7 5HDGHUVVKRXOGQRWHWKDWRXUUHVXOWVLQUHODWLRQWRWKHHIIHFWVRIGRPHVWLF
 :HIRXQGOLWWOHWRQRHIIHFWVIRU&%7WUHDWPHQWVZKHQWKLVZDVFRGHGDVWKHSULPDU\WUHDWPHQWPHWKRGXVHG
IRUGRPHVWLFYLROHQFH
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YLROHQFHSURJUDPVRQRIIHQFHVSHFLILFUHFLGLYLVPDUHDVVRFLDWHGZLWKWKHILQGLQJVRIIRXUWHHQ
VWXGLHV
7KHPHWDDQDO\VLVLVDOVRWKHPRVWH[KDXVWLYHWRGDWH WKDWH[DPLQHV WKHHIIHFWVRI
VSHFLDOL]HG SV\FKRORJLFDOWUHDWPHQWVIRUVH[XDORIIHQGLQJLQFOXGLQJ QHZVWXGLHVVLQFH
6FKPXFNHUDQG/|VHO¶VRULJLQDOVHDUFKHV LQ7KHVH[XDOUHFLGLYLVPUHGXFWLRQV
WKDWZHIRXQGIRUWKHVHSURJUDPVZHUH KLJKHUWKDQ RUDWWKHWRSHQGRI WKRVHUHSRUWHG LQ
SUHYLRXVPHWDDQDO\VHV+DQVRQHWDO/|VHO	 6FKPXFNHU6FKPXFNHU	/|VHO
7KLVLVHVSHFLDOO\QRWDEOHJLYHQWKDWWKLVPHWDDQDO\VLV LQFOXGHGWKHODUJHVFDOHVWXG\
RI 0HZVHWDO ZKLFKKDVFDVWVLJQLILFDQWLQWHUQDWLRQDOGRXEWRQWKHHIIHFWLYHQHVVRI
VSHFLDOL]HGSV\FKRORJLFDOSURJUDPVIRULQGLYLGXDOVZKRKDYHVH[XDOO\RIIHQGHG)RUGH
)XUWKHU LQFRQWUDVWWRWKHPRVWUHFHQWPHWDDQDO\VLVRQVH[XDORIIHQGLQJ6FKXPXFNHU
	/|VHO ERWKSULVRQDQGFRPPXQLW\WUHDWPHQWVZHUHDVVRFLDWHGZLWKUHGXFHG
UHFLGLYLVPVHHDOVR+DQVRQHWDO+DQVRQHWDO7KHQRQRIIHQVHVSHFLILF
UHFLGLYLVPUHGXFWLRQVZHUH EURDGO\FRPSDUDEOH WRWKRVHUHSRUWHGSUHYLRXVO\+DQVRQHWDO
/|VHO	6FKPXFNHU6FKPXFNHU	/|VHO )LQDOO\RXUUHYLHZDOVR
VKRZHGWKDWJHQHUDOYLROHQFH SURJUDPV N   ZHUHDVVRFLDWHGZLWK VLJQLILFDQWRIIHQVH
VSHFLILFDQGQRQRIIHQVHVSHFLILFUHFLGLYLVPUHGXFWLRQV7KLVPHWDDQDO\WLFHYLGHQFHLVWKH
ILUVWWRH[FOXVLYHO\IRFXVRQRIIHQVHVSHFLILF YLROHQFHSURJUDPV VXJJHVWLQJWKDWWKH\DUH
H[HUWLQJWKHLULQWHQGHGHIIHFWV VHHDOVR-ROLIIH	)DUULQJWRQZKRH[DPLQHG
LQWHUYHQWLRQVIRUYLROHQWRIIHQGHUVPRUHJHQHUDOO\
3UHGLFWRUVRI2IIHQVH6SHFLILF5HFLGLYLVP
6WDIIYDULDEOHV ,QOLQHZLWKRXUSUHUHJLVWHUHGK\SRWKHVLVVH[XDODQGGRPHVWLF
YLROHQFHSV\FKRORJLFDOSURJUDPVFKDUDFWHUL]HGE\FRQVLVWHQWTXDOLILHGSV\FKRORJLVWIDFLOLWDWRU
LQSXWZHUHDVVRFLDWHGZLWK EHWWHURXWFRPHVWKDQ SURJUDPVZLWKRXWWKLVIHDWXUH7KLVVXSSRUWV
SUHYLRXVUHVHDUFKHUDVVHUWLRQV WKDWTXDOLILHGSV\FKRORJLVWVDUHLPSRUWDQWIRUWKHWUHDWPHQW
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VXFFHVVRIVSHFLDOL]HG SV\FKRORJLFDORIIHQVHSURJUDPV*DQQRQ	:DUG3URJUDPV
WKDWSURYLGHGFOLQLFDOVXSHUYLVLRQIRUIDFLOLWDWLQJVWDIIZHUHDOVRDVVRFLDWHGZLWKEHWWHU
RXWFRPHV DQGYDULDWLRQV LQRXWFRPH DFFRUGLQJWRVXSHUYLVRU SURIHVVLRQ)RUH[DPSOHIRU
VH[XDORIIHQVHSURJUDPVTXDOLILHGSV\FKRORJLVWVXSHUYLVRUV ZHUHDVVRFLDWHGZLWKVXSHULRU
VH[XDOUHFLGLYLVPUHGXFWLRQV+RZHYHUWKHSURYLVLRQRIVXSHUYLVLRQE\TXDOLILHG
SV\FKRORJLVWVDQGQRQSV\FKRORJLVWVDFURVVWKHVDPHSURJUDPDSSHDUHGWRUHVXOW LQUHGXFHG
HIIHFWLYHQHVVDQG²LQVRPHFDVHV²LQHIIHFWLYHWUHDWPHQW7KLVVXJJHVWVWKDWSV\FKRORJLVWV
DQGQRQSV\FKRORJLVWVRIIHU JXLGDQFH WKDWFRQIOLFWV LQVRPHZD\UHVXOWLQJLQFRQIXVHG
IDFLOLWDWLRQ
7UHDWPHQWYDULDEOHV 2XUUHYLHZIRXQGWKDWQXPHURXV SURJUDP YDULDEOHV LPSDFWHG
WUHDWPHQWHIIHFWLYHQHVV7KHFOHDUHVWUHVXOWVZHUH DVVRFLDWHGZLWKVH[XDORIIHQVH SURJUDPV
+HUHSUHGLFWRUVDVVRFLDWHGZLWK WKHEHVWVH[XDOUHFLGLYLVP UHGXFWLRQV ZHUHWUHDWPHQWUDWHG
DVKLJKHUTXDOLW\WUHDWPHQWVRIVKRUWHULHKRXUVRUORQJHULH!KRXUV
GXUDWLRQDJURXSEDVHGWUHDWPHQWIRUPDWSRO\JUDSK DEVHQFHDQGDURXVDOUHFRQGLWLRQLQJ
7KHILUVWRXWFRPH VXSSRUWVSUHYLRXVUHVHDUFKLQGLFDWLQJWKDW515DGKHUHQFH$QGUHZV	
%RQWDEUHGXFHVVH[XDOUHFLGLYLVP+DQVRQHWDO7KHILQGLQJVUHJDUGLQJ
WUHDWPHQWLQWHQVLW\ DUHKDUGHU WRLQWHUSUHWKRZHYHU VLQFHZHGLGQRWFRGHWUHDWPHQW
SDUWLFLSDQWV DFFRUGLQJWRULVNOHYHO7KHVXSHULRUHIIHFWVIRUJURXSRQO\SURJUDPV PD\VWHP
IURP TXDOLILHGSV\FKRORJLVWIDFLOLDWRUVEHLQJFRQVLVWHQWO\SUHVHQWPRVWRIWHQLQWKHJURXSRQO\
SURJUDPVQ  UHODWLYHWRWKHRWKHUFRGHGFDWHJRULHVIRUWUHDWPHQWPRGDOLW\Q  
 )XUWKHUPRUHVLQFHIDFLOLWDWRUVNQHZ WKHUHZHUH QR ³PRSXS´ VHVVLRQVWKLVPD\KDYH
IRUFHG DOOFULWLFDOLVVXHVWREHGLVFXVVHGZLWKLQWKHJURXSLPSURYLQJ JURXSFRKHVLRQZKLFKLV
FULWLFDOIRUWUHDWPHQWHIIHFWLYHQHVV%HHFK	)RUGKDP%XUOLQJDPH0F&OHQGRQ	
$ORQVR2XUILQGLQJVRQWKLVDVSHFWVWDQGLQGLUHFWFRQWUDVWWRWKRVHRI6FKPXFNHUDQG
/|VHO ZKRUHSRUWHGWKDWSURJUDPVZLWKPRUHLQGLYLGXDOL]HGIRUPDWVHJPL[HG
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JURXSDQGLQGLYLGXDON  H[HUWHG EHVWHIIHFWV2XUILQGLQJVPD\GLIIHUVLPSO\EHFDXVHRXU
PHWDDQDO\VLVLQFOXGHGPRUHVWXGLHVLQWKHPL[HGJURXSDQGLQGLYLGXDOFDWHJRU\IRU
FRPSDULVRQN  
3RO\JUDSKWHVWLQJDQG DURXVDOUHFRQGLWLRQLQJKDG\HWWR EHH[DPLQLQHGLQSUHYLRXV
WUHDWPHQWPHWDDQDO\VHV GHVSLWHZLGHVSUHDG XVHRQPDQ\SURJUDPV0F*UDWK&XPPLQJ
%XUFKDUG=HROL	(OOHUE\3URSRQDQWVRISRO\JUDSK\ K\SRWKHVL]HWKDWLWHQDEOHV
PRUHHIIHFWLYHWUHDWPHQWWKURXJKHQVXULQJFOLHQWVDGKHUHWRSURJUDPFRQGLWLRQVDQGSURYLGH
DFFXUDWHVH[XDOKLVWRULHV*UXELQ:LOFR[7KHRQO\VLQJOHVWXG\UHVHDUFK
DYDLODEOHVXJJHVWVWKDWFRPELQLQJWUHDWPHQWZLWKWKHSRO\JUDSKKDVOLWWOHGLVFHUQDEOHHIIHFWRQ
VH[XDOUHFLGLYLVPVHH0F*UDWK&XPPLQJ+RNH	%RQQ0LOOHU2XUPHWDDQDO\WLF
UHVXOWVDUHWKHILUVWKRZHYHU WRVXJJHVW WKDW SRO\JUDSKXVHLVDVVRFLDWHGZLWKORZHUWUHDWPHQW
HIIHFWVL]HV$OWKRXJKWKHPHFKDQLVPRIWKLVHIIHFWLVDV\HWXQFOHDUZHDQWLFLSDWH²DVRWKHUV
KDYH²WKDWWKHWKHUDSHXWLFDOOLDQFHPD\EHQHJDWLYHO\LPSDFWHG ZKHQKRQHVW\LVIRUPDOO\
WHVWHGDQGFKDOOHQJHGDVSDUWRIWKHWUHDWPHQWSURFHVV VHH0F*UDWKHWDO0HLMHU
9HUVFKXHUH0HUFNHOEDFK	&URPEH]0RUHRYHUWKHXVHRIDURXVDOUHFRQGLWLRQLQJ
IRUDGGUHVVLQJLQDSSURSULDWHVH[XDOLQWHUHVWVDSSHDUVWRKDYHORVWIDYRULQVRPH MXULVGLFWLRQV
HJ8.0LQLVWU\RI-XVWLFH0HZVHWDO:DQLQJHQWKXVLDVPPD\VWHPIURP WKH ODFN
RIUHVHDUFKH[DPLQLQJVXFKWHFKQLTXHV/DZV	0DUVKDOO6HWR DVZHOODV
UHFHQWUHVHDUFKVXJJHVWLQJWKDWSHGRSKLOLDUHSUHVHQWVDVH[XDOSUHIHUHQFH ZLWKELRORJLFDO
RULJLQV /nQJVWU|P%DEFKLVFKLQ)D]HO/LFKWHQVWHLQ	)ULVHOO 7KH SUHVHQWILQGLQJV
KRZHYHU DUHWKHILUVWWRUHSRUWWKDWSURJUDPVLQFRUSRUDWLQJDFWLYHEHKDYLRUDODWWHPSWVWR
UHVWUXFWXUHDQGPDQDJHVXFKDURXVDODUH DVVRFLDWHGZLWKODUJHUUHGXFWLRQVLQVH[XDO
UHFLGLYLVP*LYHQWKDWLQDSSURSULDWHVH[XDODURXVDOLVDNH\SUHGLFWRURIUHRIIHQGLQJVH[XDOO\
+DQVRQ	0RUWRQ%RXUJRQWKLVILQGLQJ LVSDUWLFXODUO\SHUWLQHQW
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'XHWRUHODWLYHO\VPDOON IRUWKHGRPHVWLFYLROHQFHSURJUDPVHVWDEOLVKLQJPRUH
GHILQLWLYHSURJUDPSUHGLFWRUV RIGHFUHDVHGUHFLGLYLVPDQG KHQFHLPSURYHGWUHDWPHQWVXFFHVV
ZDVPRUHGLIILFXOW+RZHYHUDVHWRINH\SUHGLFWRUVGLGHPHUJHWUHDWPHQWUDWHGDVORZHU
TXDOLW\WUHDWPHQWVXVLQJWKH'XOXWKDSSURDFKDQGWUHDWPHQWVWKDWZHUHSURYLGHGDWDVLQJOH
LQVWLWXWLRQYV PXOWLSOHLQVWLWXWLRQV,QLWLDOO\LWZDV XQFOHDUZK\WUHDWPHQWVUDWHGDV OHVV
HYLGHQFHEDVHGH[KLELWHGPRUHHIIHFWLYHQHVV$FORVHH[DPLQDWLRQRISURJUDPFRQWHQW
KRZHYHU VKRZHGWKDWWKH\WHQGHGWREH'XOXWKRUSXUHO\SV\FKRHGXFDWLRQDOSURJUDPV7KLV
VXJJHVWVWKDWLWLVWKHSURYLVLRQRIHGXFDWLRQDOLQIRUPDWLRQ²WKDWPD\RUPD\QRWEHURRWHGLQ
IHPLQLVP²WKDWLVLPSRUWDQWIRUUHGXFLQJGRPHVWLFYLROHQFHUDWKHUWKDQFRPSOH[
SV\FKRWKHUDSHXWLFPDQLSXODWLRQV GHVLJQHGDFFRUGLQJWR³EHVWSUDFWLFH´ (GOHVRQ	6\HUV
7KLVPD\H[SODLQZK\'XOXWKDQGSV\FKRHGXFDWLRQDODSSURDFKHVSURGXFHGVXSHULRU
UHFLGLYLVPUHGXFWLRQVUHODWLYHWR&%7FI%DEFRFNHWDO+RZHYHUUHDGHUVVKRXOG
QRWHWKHVHVXJJHVWLRQVFDXWLRXVO\VLQFHWKH\DUHMXVWWKDWDQG DUHEDVHGRQUHODWLYHO\VPDOONV
)LQDOO\WKHVXSHULRURXWFRPHVDVVRFLDWHGZLWKWUHDWPHQWVDGPLQLVWHUHGDWDVLQJOHVLWH
VXJJHVWVWKDWWUHDWPHQWV DUHPRVWHIIHFWLYHZKHQ DGPLQLVWUDWLRQLVWLJKWO\IRFXVHG
3UHGLFWRUVRI1RQ2IIHQVH6SHFLILF5HFLGLYLVP
2XUILQGLQJV IRUJHQHUDOYLROHQW UHFLGLYLVPDFURVVDOOSURJUDPVVKRZHG WKDWTXDOLILHG
SV\FKRORJLVWLQSXWUHFHLYLQJVXSHUYLVLRQDQGWKHDEVHQFHRIFRQIOLFWLQJSV\FKRORJLVWQRQ
SV\FKRORJLVWVXSHUYLVLRQZHUHDVVRFLDWHGZLWKWKHODUJHVWYLROHQW UHFLGLYLVPUHGXFWLRQV7KLV
PLUURUHGWKH VWDIIHIIHFWVIRXQGIRURIIHQVHVSHFLILFUHFLGLYLVPRXWFRPHVKRZHYHU VLPLODU
HIIHFWVZHUHQRWIRXQGIRUJHQHUDOUHFLGLYLVP,WPD\ EHWKDWWKH HIIHFWVRITXDOLILHG
SV\FKRORJLFDOLQSXWUHFHLYLQJVXSHUYLVLRQDQGVXSHUYLVRUSURIHVVLRQVDUHOHVVYLVLEOHIRU
JHQHUDOUHFLGLYLVPVLQFHWKHFRQWHQWRIVSHFLDOL]HG RIIHQVHSURJUDPV DQGE\H[WHQVLRQ
VXSHUYLVLRQDUHPRVW OLNHO\WRIRFXVRQRIIHQVH VSHFLILF²DQGW\SLFDOO\YLROHQW²FULPLQRJHQLF
LVVXHV,QIDFWIHZSURJUDPYDULDEOHVHPHUJHGDVFRQVLVWHQWSUHGLFWRUVRIQRQRIIHQVH
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UHFLGLYLVPDQG ZKHQWKH\GLGWKH\ODUJHO\UHIOHFWHGWKRVHDOUHDG\WDUJHWHGIRURIIHQVH
VSHFLILFUHFLGLYLVP7KHILQGLQJWKDWWUHDWPHQWLVDVVRFLDWHGZLWKEHVWUHVXOWVZKHQ
DGPLQLVWHUHGDWDVLQJOHVLWHVXJJHVWVWKDWWUHDWPHQWLQWHJULW\PD\EHDFULWLFDO\HWQHJOHFWHG
IDFWRUDVVRFLDWHGZLWKWUHDWPHQWVXFFHVVPRUHEURDGO\VHH6FKPXFNHU	/|VHO
,QWHUSUHWDWLYH&RQWH[W
*RRGPHWDDQDO\VHVVKRXOGUHSUHVHQWDFRPSOHWHDQGDFFXUDWHSLFWXUHRIWKHRYHUDOO
VWXG\SRSXODWLRQ%RZQ	6XWWRQ/LSVH\	:LOVRQ/LPLWLQJRXUVHDUFKHVWR
GRFXPHQWVZULWWHQLQ(QJOLVKPD\KDYHRPLWWHGDVPDOOQXPEHURIVWXGLHVIURPRXUDQDO\VHV
1HYHUWKHOHVVZHPDGHHYHU\HIIRUWWRREWDLQDIXOOFRKRUWRIVWXGLHV-XVWXQGHUKDOIRIWKH
GRFXPHQWVZHREWDLQHGZHUHJDWKHUHGIURPPDWHULDOVRWKHUWKDQSHHUUHYLHZHG
MRXUQDOVDQGDV\PPHWU\WHVWVLOOXVWUDWHGWKDWSXEOLFDWLRQELDVZDVQRWDFRQFHUQ
3UHYLRXVPHWDDQDO\VHV H[DPLQLQJVSHFLDOL]HG RIIHQVHWUHDWPHQWVKDYHEHHQFULWLTXHG
UHJDUGLQJWKHTXDOLW\RIHYDOXDWLRQVWXGLHV H[DPLQHGZLWKPRVWDXWKRUVDUJXLQJWKDWVWURQJHU
UDQGRPL]HGGHVLJQVDUHUHTXLUHG%DEFRFNHWDO+DQVRQHWDO+DQVRQHWDO
6FKPXFNHU	/|VHO:DOWRQ	&KRX2XUPHWDDQDO\VLVLVQRH[FHSWLRQ
WRVXFKFULWLTXHVLQFHIHZVWXGLHVXVHGDUDQGRPL]HGGHVLJQ+RZHYHUZHGLGUHFRUG TXDOLW\
RIVWXG\GHVLJQWKURXJKH[DPLQLQJZKHWKHUHDFKVWXG\HPSOR\HGPDWFKLQJFULWHULDDVZHOODV
WKHRYHUDOOTXDOLW\RIUHFLGLYLVPYDULDEOHVXVHGZLWKLQHDFKVWXG\8VLQJWKHVHLQGLFDWRUVZH
ZHUHDEOHWRVKRZWKDWZLWKWKH H[FHSWLRQRIGRPHVWLFYLROHQFHSURJUDPVVWXG\GHVLJQDQG
PDWFKLQJKDGVXUSULVLQJO\OLWWOHLPSDFWRQUHFLGLYLVPUHGXFWLRQV VHHDOVR+DQVRQHWDO
+DQVRQHWDO,QIDFWVLQFHKLJKHUUHFLGLYLVPUDWHVDUHDVVRFLDWHGZLWKGURSRXWV
/|VHO	6FKPXFNHURXULQWHQWWRWUHDWPHWDDQDO\VLVLVOLNHO\WRUHSUHVHQWDPRUH
FRQVHUYDWLYHWHVWRIWKHHIIHFWVRIVSHFLDOL]HG SV\FKRORJLFDORIIHQVHWUHDWPHQW
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$OOPHWDDQDO\VHVLQFOXGLQJWKLVRQH DUHDIIHFWHGE\SRWHQWLDOO\FRQIRXQGHG
PRGHUDWRUHIIHFWV/LSVH\:KHUHSRVVLEOHZHH[DPLQHGWKHLQGLYLGXDOVWXGLHV
JHQHUDWLQJHDFKNH\PRGHUDWLQJHIIHFWIRUDQ\REYLRXVSDWWHUQVRIFRQIRXQGLQJYDULDEOHV
+RZHYHUZHUHFRJQL]H WKDWQXPHURXVXQLGHQWLILHGFRQIRXQGHUVFRXOGDOVREHSUHVHQW $
IXUWKHUNH\OLPLWDWLRQZDVWKDWZHGLGQRWDOZD\VKDYHHQRXJKLQIRUPDWLRQWRSRSXODWHERWK
DQ³XQNQRZQ´ DQGD³QRWSUHVHQW´ JURXS IRUHDFKPRGHUDWLQJYDULDEOH:KLOVWWKLVFRXOGQRW
EHDYRLGHGLWVXJJHVWVWKDWVWXG\DXWKRUVFRXOGLPSURYHXSRQWKHTXDOLW\RIVWDIILQJDQG
WUHDWPHQWSURJUDPLQIRUPDWLRQSURYLGHGLQSXEOLVKHGDQGXQSXEOLVKHGUHSRUWV:HNQRZIRU
H[DPSOHWKDWPDQ\FRPSHWHQWSURIHVVLRQDOV HJVRFLDOZRUNHUVSV\FKLDWULVWV ZRXOGQRW
KDYHEHHQFODVVLILHGDVLQGHSHQGHQWUHJLVWHUHGSV\FKRORJLVWV+RZHYHULQIRUPDWLRQZDV
VLPSO\ QRWDYDLODEOHWRFRQGXFWFRGLQJDQGDQDO\VHVEDVHGRQIDFLOLWDWRUSURIHVVLRQ:H
VXJJHVWDXWKRUVFOHDUO\UHSRUWHDFKRIWKHSURJUDPDQGVWDIIYDULDEOHVRXWOLQHGLQ7DEOHVDQG
LQDOOIXWXUHHYDOXDWLRQVDVDQDEVROXWH PLQLPXP
)XWXUH3ROLF\DQG3UDFWLFH'LUHFWLRQV
7KHRXWFRPHVRIWKLVPHWDDQDO\VLVDUHWKHILUVWWRVXJJHVWWKDWVSHFLDOL]HG
SV\FKRORJLFDOSURJUDPVWKDWWDUJHWYDULRXVRIIHQGLQJEHKDYLRUVDUHHIIHFWLYH$OWKRXJKWKHUH
ZDVVLJQLILFDQWKHWHURJHQHLW\DFURVVWKHRXWFRPHVRILQGLYLGXDOVWXGLHVRXUUHYLHZVXJJHVWV
ZD\VWKDWSROLF\PDNHUVDQGSURJUDPSURYLGHUVPLJKWRSWLPL]HSURJUDPRXWFRPHV)LUVWWKH
UHVXOWVLQGLFDWHWKDWSURJUDPGHYHORSHUVVKRXOGSURYLGHTXDOLILHGSV\FKRORJLVWV ZKRDUH
FRQVLVWHQWO\SUHVHQWLQKDQGVRQWUHDWPHQW DQG VHFRQGIDFLOLWDWRUVVKRXOGEHSURYLGHGZLWK
VXSHUYLVLRQRSSRUWXQLWLHV WKDWDUHVLPLODUDFURVVWKHSURJUDP,QWHUHVWLQJO\OHVVWKDQRQHLQ
ILYHSURJUDPVFRQVLVWHQWO\XVHGTXDOLILHGSV\FKRORJLVWVLQKDQGVRQIDFLOLWDWLRQDQGWKH
PDMRULW\RIWKHVHQ  ZHUHLPSOHPHQWHGLQWKHVVRUV UDWKHUWKDQ
PRUHUHFHQWO\7KHSURYLVLRQRIVXSHUYLVLRQZDVPRUHHYHQO\VSUHDG:HUHFRJQL]H WKH
VLJQLILFDQWSUHVVXUHVWKDWSROLF\PDNHUVIDFHSURYLGLQJ FRVWHIIHFWLYHSURJUDPVWRODUJH
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QXPEHUVRILQGLYLGXDOV *DQQRQ	:DUG$VDQLQGLFDWLRQRIWKLVFRUUHFWLRQDO
V\VWHPVLQDQXPEHURILQWHUQDWLRQDOMXULVGLFWLRQVKDYHEHHQPRYLQJDZD\IURPWKHGLUHFW
LQYROYHPHQWRISV\FKRORJLVWVDVWUHDWPHQWSURYLGHUVZLWKWKHUDSHXWLFDFWLYLWLHVVXFKDV
UXQQLQJPDQXDOEDVHGJURXSVEHLQJ GHOHJDWHGWRFRUUHFWLRQDOSURJUDPRIILFHUVZKRPD\KDYH
OLWWOHRUQRIRUPDOFOLQLFDOWUDLQLQJ,URQLFDOO\LWVHHPVWKDWWKLVYDULDEOHLVFRUUHODWHGZLWK
RSWLPXPEHKDYLRUDOFKDQJHDQG\HWTXDOLILHGSV\FKRORJLVWKDQGVRQLQSXW LVODFNLQJLQ
SURJUDPVLPSOHPHQWHGLQUHFHQW\HDUV 7KLVPD\H[SODLQZK\ZHGLGQRWILQGPRUHPRGHUQ
WUHDWPHQWVWREULQJDERXWLPSURYHGRXWFRPHVVHHDOVR/|VHO	6FKPXFNHU4XDOLILHG
SV\FKRORJLFDOVWDIIDQGUHJXODUVXSHUYLVLRQFRPHDW DFOHDUILQDQFLDOFRVW3URJUDPSURYLGHUV
FRXOGFRQVLGHUWKHEHQHILWVRISUXQLQJGRZQVWDIIIDFLOLWDWLRQQXPEHUV DVDFRPSHQVDWRU\
ILQDQFLDOVWUDWHJ\JLYHQWKDWLQGLYLGXDODQGFRIDFLOLWDWHGSURJUDPVVHHPWREHHTXDOO\
EHQHILFLDO3URJUDPSURYLGHUVPLJKWDOVRZDQWWRFRQVLGHUPHWKRGVIRUWLJKWO\FRQWUROOLQJ
SURJUDPLPSOHPHQWDWLRQ JLYHQWKDWZHIRXQGVLQJOHVLWHWUHDWPHQWVVHHPHGWRIDUHEHWWHUWKDQ
PXOWLVLWHWUHDWPHQWV
)XUWKHURIIHQVHVSHFLILFSUDFWLFHLPSOLFDWLRQVDUHDYDLODEOHIRUWKRVHLQYROYHGLQ
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3URIHVVRU7KHUHVD$*DQQRQLVD5HJLVWHUHG)RUHQVLF3V\FKRORJLVWZKRVSHFLDOLVHVLQ
UHKDELOLWDWLRQIRULQGLYLGXDOVZKRKDYHRIIHQGHG3URIHVVRU*DQQRQLV'LUHFWRURIWKH&HQWUHRI
5HVHDUFKDQG(GXFDWLRQLQ)RUHQVLF3V\FKRORJ\DWWKH8QLYHUVLW\RI.HQW8.DQG&RQVXOWDQW
)RUHQVLF3V\FKRORJLVWIRUWKH)RUHQVLF&DUH*URXSZLWKLQ.HQWDQG0HGZD\6RFLDO&DUHDQG
3DUWQHUVKLS7UXVW
3URIHVVRU0DUN(2OYHULVD5HJLVWHUHG&OLQLFDO3V\FKRORJLVWZKRVSHFLDOLVHVLQUHFLGLYLVP
SUHGLFWLRQDQGWUHDWPHQWIRUWKRVHZKRKDYHRIIHQGHG3URIHVVRU2OYHULV'LUHFWRURIWKH
&OLQLFDO3URJUDPDWWKH8QLYHUVLW\RI6DVNDWFKHZDQDQGKDVKHOGSUDFWLWLRQHUSRVLWLRQVDWWKH
6DVNDWRRQ+HDOWK5HJLRQDQG6WRQ\0RXQWDLQ,QVWLWXWLRQ
-DLPHH60DOOLRQLVD3K'FDQGLGDWHLQIRUHQVLFFOLQLFDOSV\FKRORJ\DWWKH8QLYHUVLW\RI.HQW
8.+HUWKHVLVH[DPLQHVWKHDVVRFLDWLRQEHWZHHQPHQWDOKHDOWKDQGYLROHQFHLQJDQJPHPEHUV
'U0DUN-DPHVLVD/HFWXUHULQ)RUHQVLF3V\FKRORJ\DWWKH8QLYHUVLW\RI.HQW8.+LV
UHVHDUFKH[DPLQHVJDQJPHPEHUVKLSULVNDQGSURWHFWLYHIDFWRUVDVVRFLDWHGZLWKRIIHQGLQJDQG
SXEOLFDQGSURIHVVLRQDOUHDFWLRQVWRFULPH
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x 7KLVPHWDDQDO\VLVH[DPLQHGSV\FKRORJLFDORIIHQVHWUHDWPHQWDQGUHFLGLYLVP
x 2YHUDOO VWXGLHVZHUHLGHQWLILHGLQFOXGLQJRYHULQGLYLGXDOV
x 7UHDWPHQWZDVDVVRFLDWHGZLWKRIIHQVHVSHFLILFDQGJHQHUDOUHFLGLYLVPUHGXFWLRQV
x 3URJUDPVZLWKFRQVLVWHQWLQSXWIURPDTXDOLILHGSV\FKRORJLVWKDGEHVWUHVXOWV
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